


HUMAN BIOLOGY 


arecord of research 
SEPTEMBER, 1940 


VOL. 12 No.3 





—_— 
— 


A STUDY OF FOUR SKULLS FROM SELEUCIA- 
ON-THE TIGRIS DATING FROM 
100 B.C. TO 200 A. D.* 


BY WILTON MARION KROGMAN 


Laboratory of Anatomy and Physical Anthropology 
Western Reserve University 
Cleveland, Ohio 








| McDowell of the Institute of Archaeological Research of 
the University of Michigan we are privileged to report on 
== four skulls, E8428, E8429, E8430, E8432, excavated at 
Seleucia-on-the-Tigris and dating to between the first century B.C. and 
the second century A.D. With E8432 were the left tibia, right and left 
fibulae, right radius and left scapula. To Dr. Carl Guthe and to Mr. 
Frederick R. Matson we are indebted for care shown in exhumation and 
in transmission. We shall first describe the material and then attempt 
to fit it into its ethnic and temporal context. 


MATERIAL 
E8428 (Figs. 1 and 2). 


The skull is that of an adult male about 40-45 years of age. The 
contour, as seen from above, is pentagonoid, narrowed frontally, wide 


*A grant from the endowment fund of the Horace H. Rackham School of 
Graduate Studies of the University of Michigan to aid in the publication of this 
paper is gratefully acknowledged. This report was written in June, 1938. The 
writer is now at the University of Chicago. 
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at the parietals, and full occipitally. The occiput is rounded and moder- 
ately protuberant. The supraorbital ridges are small, the glabellar 
eminence marked, the mastoids are small, and the muscle ridges on the 
occiput are smooth. The orbits are elongated transversely and are 
inclined down and laterally. The nasal bridge is high and narrow, and 
the lower nasal margins are “troughed” or “guttered,” i.e. they are not 
sharply set off from the alveolar processes of the maxillae. The zygo- 
matic arches are flattened or compressed. There is no prognathism, 
either alveolar or facial. The dental arch is parabolic in form and the 
palatal vault is high. The wear of the teeth is moderate and the oc- 
clusion is edge-to-edge. The teeth are in good condition; the dental 
formula is as follows :* 





Right Left 
Sesé& 84a 8 8 | ss ae oe 
af 2a 2 Ss 1234567 8 
A A 


E8429 (Figs. 3 and 4). 

This skull has suffered from weathering. The external table of the 
vault, except the left half of the frontal bone and the left parieto- 
occipital area, is eroded; there is a large hole just in front of the 
junction of sagittal and lambdoid sutures; both zygomatic arches are 
broken off ; the right and left temporal bones are damaged in the parieto- 
mastoid area; the right condyle of the mandible is broken off ; the alveoli 
of the upper and lower teeth are eroded. 

The skull is that of an adult male over fifty years of age. The 
contour, as seen from above, is a rounded oval, wide at the parietals. 
The occiput is rounded and moderately protuberant. The supraorbital 
ridges and the mastoids are moderately large and muscle ridges on 
the occiput moderately rough. The orbits, roughly quadrangular, slant 
down and laterally. The nasal bridge is moderately high and is narrow; 
the nasal margins are sharply demarcated. There is no prognathism, 
either facial or alveolar. 


*A = lost ante-mortem, presumably through disease: 
P = lost post-mortem; C = tooth with carious lesion; 
X = apical abscess; teeth not marked are in good condition (gross obser- 
vation). 
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The dental arch is U-shaped in form and the palatal vault is 
moderately high. The teeth are all lost, either ante- or post-mortem, 
as the dental formula shows: 





Right Left 
AAAPPPPP PPPPPAAA 
S76 § 4.3 2% .2'8 43502 3 
87654321 1234567 8 
PPPPPPPP PPPPAAAA 





E8430 (Figs. 5 and 6). 


The skull is that of an adult female about forty to forty-five years 
of age. The contour, as seen from above, is a rounded oval, broad at 
the parietals. The occiput is rounded, full, but not protuberant. The 
supraorbital ridges and the mastoids are small and all sites of muscle 
attachment very smooth. There are Wormian bones (sutural ossicles) 
at lambda and right and left asterion. The orbits are rounded and slope 
down and laterally. The nasal bridge is high and very narrow and the 
nasal margins sharply demarcated. The zygomatic arches are com- 
pressed. There is no prognathism, either facial or alveolar. The dental 
arch is U-shaped—constricted anteriorly so that it is almost V-shaped— 
and the entire facio-palatal area has a “pinched” appearance. The 
palatal vault is very high. The wear of the teeth is considerable, and 
the occlusion is edge-to-edge. The teeth are in bad condition; there 
is extensive tartar formation; the dental formula is as follows: 





Right Left 
AAAA AAP P P S sé 
HmeAeas ks. Banas Ss 
87654321 1234567 8 
A AAA AAAPAA 

= 





E8432 (Figs. 7 and 8). 


The skull is that of an adult male, about fifty years of age. The 
contour, as seen from above, is an elongate oval broader frontally than 
occipitally. The occiput is rounded but not protuberant. The supra- 
orbital ridges are strongly developed, the mastoids large, and lines of 
muscle attachment rugged and prominent. The orbits are elongated 
transversely and slant down and laterally. The nasal bridge is high and 
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moderately wide and the nasal margins sharply demarcated. The zygo- 
matic arches are moderately rounded, i.e. convex laterally. There is no 
prognathism either facial or alveolar. The dental arch is parabolic in 
form and the palatal vault is high. The wear of the teeth is moderate 
and the occlusion is edge-to-edge. The teeth are in fairly good condition 
but there is quite a bit of tartar formation. The dental formula is as 


follows: 








Right Left 
xX 
ACC P 
Ss 7.6 & 4.23.2 3 5 . & 
See 8 es 3 3 2s 5 7 8 
A P A 


In this skull there is evidence of an arthritic condition, in the presence 
of “lipping” at the anterior margin of the foramen magnum (odontoid 
contact) and in right and left mandibular fossae. 

The measurements of the associated limb-bones are as follows: 


Fibula 
Morphological length: right 375 mm.; left 375 mm. 


Radius (right) 
Morphological length 244 mm.; physiological length 232 mm. 
Tibia (left) 
Morphological length 385 mm.; physiological length 363 mm.; 
cnemic sagittal diameter 33 mm.; cnemic transverse diameter 
25 mm.; cnemic index 78.8, which is eurycnemic. 


Scapula (left) 
Morphological length 102 mm. ; morphological breadth 144 mm. 


The proximal ends of both fibulae and of the left tibia show lipping, 
confirming, in part, the diagnosis of arthritis made on occipital and 
mandibular condyles. 

In Tables 1-3 are presented, respectively, the principal cranial, facial, 
and mandibular measurements and indices, for each of the four skulls 
singly and in average for the three male skulls. Measurements based 
upon restored areas or made upon a damaged part are followed by a 


question mark (?). 
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z0- TABLE 1 
-” Cranial measurements and indices 
in 
vans MEASUREMENTS E8428 E8429 E8430 E8432 Av. 6 
‘ion AD. AD.@ AD.2 AD.@ (3) 
> aS 
SENN. od, aces eek 182 176 163 188 182.00 
Fe eet ee 132 140 133 135 135.67 
Min. forehead (b’)......... 90 98? QI IOI 06.33? 
Ba-ber height (h’).......... 136 126? 131 130 130.67? 
Auric height (oh).......... 115 116 113 116 115.67 
ND aia a vee asa arees 97 102 06 103 100.67 
— Transverse arc. (q’)........ 306 309? 2 304 306.33? 
a a |) rae 385 368 347 379? 377.33 
fe "serene 124 a 116 125? 124.50? 
Parietal are (te). ... 2.0500 142 wich 122 129? 135.50? 
ence Occipital are (a) .........5 119 ens 109 125 122.00 
toid Hort. circum. (u)......... 507 505? 482 533 515.00? 
on Bi-asterion (b-a) ........... 114 112? 108 115 113.67? 
INDICES 
oo Beer rere. 72.53 79.55 81.60 71.81 74.63 
Height-length (h’/l) ........ 74.73 71.59? 80.37 69.15 71.82? 
Height-breadth (h’b) ....... 103.03 90.00? 98.50 96.30 06.44? 
Fronto-parietal (b’/b)....... 68.18 70.00? 68.42 74.82 71.00? 
Auric. height-length (oh/l) 63.19 65.91 69.33 61.70 63.60 
m. Auric. height-breadth (oh/b) 87.12 82.86 84.06 85.93 85.30 
~~ TABLE 2 
nete! 
Facial measurements and indices 
MEASUREMENTS E8428 E8429 E8430 E8432 Av. 6 
AD.@ AD.%@ <AD.2 AD.# (3) 
pt Total face height (gh)...... 115 107? 108 115 112.33? 
1 an Upper face height (g’h).... 69 69? 67 67 68.33? 
Mid-face breadth (gb)..... 05 93 88 104 97.33? 
facial, Bi-zygomatic breadth (j)... 121 ~—e 114 129 125.00? 
skulls Nasal height (nhl)......... 53 SI 50 54 52.67 
4 Nasal breadth (nb)......... 25 24 20 28 25.67 
base Interorb. width (dc)........ 20 24 17 21 21.67 
| by a Orb. breadth (oil).......... 41 42 39 45 42.67 
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TABLE 2 (continued) 





E8428 E8429 E8430 E8432 Av. @ 


MEASUREMENTS AD. AD.@ AD.2 AD.¢ (3) 














Orb. height (osl)........... 29 32 32 31 30.67 
Pal. length (gla) .....22000- 48 48 43? - 48.00 
Pal, GeeeGih (is)... .cccicee. 39 38? 36? 44 40.33? 
For. mag. length (fml)..... 35 32 37 36 34.33 
For. mag. breadth (fmb).... 30 31 28 31 30.67 
Profile angle (P/)........- 94° nf 95° 95° 94.50° 
INDICES 
Fetal face Gah) ....sccees eee 04.74 80.15 92.10? 
Upper face (g’h/j).......... eee 
Total mid-face (gh/gb)..... 121.05 115.05? 122.73 110.58? 114.23? 
Upper mid-face (g’h/gb).... 72.63 74.19 76.14 64.42? 70.41? 
pO | rere 47.17 47.06 40.00 51.85 48.69 
Orbital (osl/ol)............ 70.73 76.19 82.05 68.89 71.04 
rrr ee 81.25 79.17? 83.72? wai 80.21? 
Foraminal (fmb/fml) ...... 85.71 96.88 75.68 86.11 80.57 
Cranio-facial (j/b)......... 91.67? anes 85.71 95.56 93.62? 
TABLE 3 
Mandibular measurements and indices 
E8428 E8429 E8430 E8432 Av. é 

a AD. AD.é AD.@ AD.é (3) 
Condylar width (w’)........ sae aly III 123 123.00 
Mand. angle width (w)..... 05 96? gI 98 96.33? 
Symphyseal height (hi)..... 32 ‘a 30 31 31.50 
Min. width ramus (rb’)..... 31 32? 28 32 31.67 
Dental arch width (g’s)..... 46? es aa 45 45.50? 
Condyle to coronoid (cycr).. 32 38 29 37 35.67 
Bigonial width (gogo)...... 90 93 87 95 92.67 
Coronal height (crh)....... 62 57 60 67 62.00 
Corpus length (cl).......... 69 64 61 65 66.00 
Ramal length (rl).......... 53 48 49 60 53.67 
Mand. length (ml).......... 96 102 89 99 99.00 
Mand. angle (mZ)......... 122° 132°? 127° 126° 126.67° ? ( 
Height-length (crh/ml)..... 64.58 55.88 67.42 67.68 62.71 
Ramal breadth-length (rb’/rl) 58.49 66.67 ? 57.14 53.33 59.44 
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SUMMARY OF CHARACTERS 


If we summarize the cranial characters of the four skulls we observe 
the following clustering of traits: 


Index E8428 E8429 E8430 E8432 
Height-breadth long- middle- round- long- 
headed headed headed headed 
Height-length moderately moderately high low 
high high 
Height-breadth high low high moderately 
high 
Fronto-parietal moderately broad moderately broad 
broad broad 
Auric. height-length high high high moderately 
high 
Auric. height-breadth high moderately moderately moderately 
high high high 


In other words E8428 is long- and high-headed with a moderately 
broad forehead; E8429 is middle- and moderately high-headed with a 
broad forehead; E8430 is round- and high-headed with a moderately 
broad forehead; E8432 is long- and moderately high-headed with a 
broad forehead. If we summarize facial characters the results are as 
follows: 


Index E8428 E8429 E8430 E8432 
Total facial ee narrow moderately 
wide 
Upper facial om 0” Skewes high moderately 
high 
Total mid-facial moderately wide moderately wide 
wide broad 
Upper mid-facial moderately moderately high low 
high high 
Nasal moderately moderately narrow wide 
wide wide 
Orbital low moderately moderately low 
high high 
Palatal moderately narrow moderately’ ...... 


broad broad 
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In restatement, E8428 is narrow and high-faced, with a moderately 
wide nose, a low orbit, and a moderately broad palate; E8429 is wide 
and moderately high-faced, with a moderately wide nose, a moderately 
high orbit, and a narrow palate; E8430 is narrow- and high-faced, 
with a narrow nose, a moderately high orbit; E8432 is moderately 
high-faced with a wide nose, and a low orbit. 

The varying combinations of cranio-facial characters have been made 
even more vivid in Figs. ga and gb, in which head and face measurements 
and indices are graphically depicted. The straight line represents the 
averages of the three male skulls, upon which individual deviation from 
the mean have been plotted. Of the three, E8428 and E8432 are more 
nearly similar in type, but still there is no uniform cranio-facial pattern. 
Whether this be within the range of type-variation is hard to say. 

Notwithstanding the obvious dissimilarities in this small sample we 
shall attempt type analysis: E8428 is Mediterranean-type with Negroid 
traces; E8429 and E8430 are Alpine-type; E8432 is Nordic-type. If 
we prefer to avoid present-day type names we may substitute South, 
Central and North European (Europid?), respectively. Now the ap- 
parent heterogeneity of the sample takes on meaning: two of the male 
skulls, E8428 and E8432, represent different types; two, E8429 and 
E8430, represent sex-differences of a single type. 

The identification of three types from only four skulls is a bit 
staggering. If the selection was fortuitous then the long-headed types 
must have been present in fairly equal numbers; if purposive then the 
types were apparently chosen because of fairly obvious cranio-facial 
characters. Whatever the answer may be we affirm the presence at 
Seleucia-on-the-Tigris, between 100 B.C. and 200 A.D., of the three 
major peoples of Europe: North, Central, South, with the latter, in 
its Negroid traits, showing evidence of its circum-Mediterranean 
provenience. 

The foregoing conclusions find verification in the study of cranial 
material recovered by the Oriental Institute of the University of Chicago 
at Alisar, in Anatolia, and from Tell al-Judaidah in North Syria. The 
site at Alisar is divided into eight archeological horizons, extending from 
before 3000 B.C. to the eighteenth century A.D.; that at Tell al-Judaidah 
into fourteen horizons ranging from 4000 B.C. to 600 A.D. If we 
include the Seleucian sample with craniai material from these two 
sites we find that it falls into quite similar cranial categories, namely 
the two major types, long- and round-headed, and the sub-types, North 
and South European longheads and Central European roundheads. 
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The identification of these early cranial types in terms of present- 
day ethnic groupings is a recognition of the probability that modern 
cranial types were definitely established as far back as the Near Eastern 
archaeologist and proto-historian extend their dated horizons. The 
long-and round-headedness of the material is inescapable ; the ascription 
of each sub-type to a stated ethnic sub-division is, perhaps, open to con- 
jecture. It may be argued that individual skulls, or small samples, may 
merely represent one end of a normal range of variation, i.e. in a popu- 
lation characterized by a large, rugged, long-headed skull we may expect 
a few smaller, smooth, longheads ; conversely, in a population character- 
ized by a moderate-sized, smooth, long-headed skull we may expect a 
few large, rugged longheads. Now these two contrasting types of 
skulls—large, rugged longheads and smaller, smooth longheads—are 
typical of the North and South European types, respectively. It may 
be, if we find only one smooth longhead and only one rugged longhead, 
that we are dealing only with extreme variants of a single type, either 
Mediterranean or Nordic. This seems to us to be an extreme view. Our 
present knowledge of Near Eastern proto-history is not one of exclusive 
ethnic type dominance; rather is it a history of the inter-play of peoples 
and cultures. 


CONCLUSION 


We come to the conclusion, therefore, that if our definitions of 
modern cranial types are at all valid they must apply to the material under 
discussion. If the time element seems to demand it we are prepared 
to prefix proto-, as Proto-Mediterranean, Proto-Nordic, and so on. 
But this can be done only in the historic sense and not in the morphologic 
sense for in, say, 6000 years—only two hundred generations for Man— 
human physical types, already set, have not had time to change. The 
one exception to this might be found in the commingling of peoples, but 
here the problem would not be the emergence of new types so much as 
the recombination of basic elements. 
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THE SIGNIFICANCE OF THE VARIABILITY 
OF THE UPPER LATERAL INCISOR 
TEETH IN MAN 


BY M. F. ASHLEY MONTAGU 


Department of Anatomy, Hahnemann Medical College 
and Hospital, Philadelphia 








INTRODUCTION 


i] | has often been pointed out that the apparent tendency to- 
wards the “elimination” of the upper lateral incisor teeth 
in man, as exhibited in the reduction in size, malformation, 
==] or the complete suppression of these teeth, reflects the oper- 
ation of an evolutionary trend which affects both termini of the dental 
series, that is to say, the lateral incisors of the upper jaw and the third 
molars of both the upper and lower jaws (57, 58, 73, 74, 85, 91, 94, 104, 
118, 129, I51, 155, 162, 167, 169, 173). It is generally held that the 
tendency towards the reduction or elimination of these teeth is con- 
comittantly associated with the progressive shortening of the jaws, a 
shortening which has reached its culminating point in man. A moment’s 
reflection, however, will suffice to raise a doubt as to the validity of this 
theory, for if the upper and lower jaws have undergone an equal re- 
duction there should be an equal reflection of this in the teeth of each 
jaw; we should expect to find the incisors of the lower jaw affected at 
least as often as those of the upper jaw. But this is well known not to 
be the case, for the lower incisors rarely exhibit deficiencies of any kind, 
being, indeed, among the most stable members of the whole dentition ; 
whereas the lateral incisors of the upper jaw exhibit a wide range of de- 
ficiencies, from slight reduction and malformation to complete absence, 
both in the deciduous and the successional series. From this it would ap- 
pear to follow that the factors affecting the lateral incisor region of the 
upper jaw differ in nature from those affecting the development of the 
comparable teeth in the lower jaw. It is clearly not sufficient to assert 
that the relatively great variability of the lateral incisors is due to a 
shortening of the jaws. If there has been a shortening of the jaws, and 
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this is generally believed to have occurred, we must inquire why it is that 
the upper lateral incisors have been affected and those of the lower jaw 
virtually not at all? What relation, if any, does the shortening of the 
jaws bear to the variability of the upper lateral incisor elements? 
Through what agencies is this variability brought about? In short, what 
is the cause of the high degree of variability of this element in man? 

These are some of the questions to which an answer will be returned 
in the present paper, and while the answering of these questions consti- 
tutes the chief purpose of this paper, it is hoped that it may serve the 
not less important function of illuminating at least one aspect of the 
general problem of variability as it finds morphologic expression in the 
human species. 


DENTAL PHYLOGENETIC RELATIONSHIPS 


Man as a mammal may be regarded as a highly specialized member 
of the Order of Primates whose nearest relations among living members 
of the Order are the chimpanzee and gorilla. Man of course is not a 
descendant of either of these animals, but he is a descendant rather of 
a stock from which both the chimpanzee and gorilla probably also 
originated. Although the chimpanzee and gorilla are in their divergent 
ways very highly specialized creatures, there can be little doubt that they 
resemble the ancestral stock from which they are derived, in common 
with man, more closely than any of the living varieties of man do. The 
putative ancestral stock from which the two African apes and man are 
probably derived is represented by some form closely allied to, or iden- 
tical with, the fossil genus Sivapithecus, several species of which are 
known from the middle Miocene horizons of the lower Siwaliks of India 
(108, 137, 179). If we accept the fact that the phylogenetic relation- 
ships of Sivapithecus, chimpanzee, gorilla, and man are close, it will only 
be necessary here to discuss the morphological characters of these related 
forms in order to throw some light upon the changes which have 
occurred in the development of those features of the human face and 
dentition with which we are here particularly concerned. 

The common assumption that there has been a shortening of the 
jaws in the evolution of man receives full support when the jaws of 
contemporary varieties are compared with those of extinct varieties of 
man, and when these again are compared with those of the fossil an- 
thropoids. The latter, in the sole features by which we know them, 
(the dentition and fragments of the upper and lower jaws), exhibit 
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a morphological affinity with the same features in the African apes 
and with those of extinct and contemporary man, which renders the 
close relationship of these forms a matter not of conjecture but of 
practical certainty (189, 190). 

When we examine the actual teeth together with the jaws and palate 
of the (supposedly female) middle Miocene anthropoid Sivapithecus 
sivalensis (Lydekker), as partially reconstructed by Hellman (179) 
and shown in Plates I, II, Figs. 1, 2, 3 and 4, these structures are 
seen to bear a striking resemblance to the same characters in the female 
chimpanzee, as may be judged from Plates III, IV, V, Figs. 5, 6, 7 
and 8, which represent the same views of these structures in a female 
chimpanzee skull chosen at random. We may, in virtue of this resem- 
blance, envisage Sivapithecus sivalensis as having had an appearance 
similar, in at least its cranial and dental characters, to the chimpanzee. 
As in the chimpanzee it will be observed that the upper canines occlude 
between the lower canine and Pl, and that a small post-canine diastema 
is present in the lower jaw in accommodation to this relationship. In 
the upper jaw an appreciable diastema is present in accommodation 
to the functional position of the mandibular canine which occludes be- 
tween the lateral surface of the lateral incisor and the mesial surface 
of the upper canine. Essentially the same relationships are to be found 
in all the anthropoids, allowing, of course, for the important differences 
in the specialization which the canines have undergone in these genera 
(see Plates V, VI, Figs. 8, 9, and 10). 

A comparative study of the dental characters of Sivapithecus and 
those of the chimpanzee and gorilla will show that the former is ap- 
preciably less specialized than the latter. The canines of upper and 
lower jaw are not, for example, as large in Sivapithecus as they are 
in the two African apes, nonetheless the relations of these teeth are 
such in all the anthropoids that the canine diastemata in both jaws 
exhibit much the same character. In none of the Hominidae do such 
canine diastemata normally exist. 

Now, if the African apes and the Hominidae are derived from a 
Sivapithecus-like ancestor, in the former case, as has been suggested 
by Gregory (179) and Gregory and Hellman (189, 190), from Dryo- 
pithecus, and in the latter from Sivapithecus, then it follows that the 
chimpanzee and gorilla canine has undergone a specialization which is 
expressed chiefly in an increase in size, and in man in a specialization 
which has expressed itself in a decrease in size to an extent which 
brings the tooth almost, but not quite, to the occlusal level of the rest 
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of the dentition. In this fact, that is, in the size and relations of the 
canine teeth, we may see a raison-d’étre for the existence of canine 
diastemata in the anthropoids and their non-existence in the Hominidae; 
namely, that the canine diastemata represent the structural responses 
of the jaws to the functional relations of the canine teeth with their 
neighbors—large canines in particular relations being invariably as- 
sociated with canine diastemata, and small canines in particular re- 
lations with absence of diastemata. 


MORPHOLOGICAL RELATIONSHIPS OF THE CANINE TEETH 


It is here necessary to consider the character of the canines, their 
occlusal and proximate relationships, and the nature of the diastemata 
in the upper and lower jaws of a typical anthropoid in order that we 
may better understand the difference in the variability which char- 
acterizes the teeth of the canine region in the upper and lower jaws. 
For this purpose we may examine these characters in the female chim- 
panzee. 

The lower canine occludes with the infero-lateral border of the 
upper lateral incisor and with the antero-mesial surface of the upper 
canine, thrusting apically as a “wedge” between these two maxillary 
teeth. The morphological basis of the maxillary canine diastema is 
to be found in this “wedge” relationship of the lower canine to the 
upper lateral incisor. The action of the mandibular canine upon the 
upper teeth is not necessarily to be conceived as an actual wedge keep- 
ing the two maxillary teeth apart, but rather the maxillary diastema 
must be regarded as an additional occlusal relation which exists 
to give accommodation to the wedge-like process of the mandibular 
canine. The mandibular canine functions between the two maxiilary 
teeth in a relation in which the maxillary canine is situated posteriorly 
and buccally, or more laterally than the mandibular canine; thus, the 
occlusal relationships of the maxillary canine are functionally limited 
to the disto-buccal surfaces of the mandibular canine in relation to 
its own (Cl) mesio-lingual surface, and to the buccal surface of the 
mandibular first premolar mesially. It is seen, therefore, that the 
maxillary canine occludes with its mandibular neighbors in a relation 
buccal to them. This occlusal relation holds more or less true not only 
of all anthropoids but of all platyrrhine and catarrhine Primates, as 
well as of the Hominidae. In the lower jaw of the female chimpanzee 
a bony diastema is generally absent, for since the relation of the 
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maxillary canine to the mandibular teeth is buccal such an osseous 
diastema is functionally unnecessary. But it is to be noted that, for 
that portion of the lingual aspect of the maxillary canine which does 
lie between the mandibular teeth, a diastema is provided by the sculp- 
tured limits of the mesial and distal borders of the mandibular first 
premolar and canine respectively, which together provide a triangular 
space in which the lingual aspect of the maxillary canine may freely 
lie. In the male chimpanzee, in which the canines are appreciably more 
developed than in the female, a mandibular diastema is generally pres- 
ent, although this is invariably appreciably smaller than the corres- 
ponding diastema in the upper jaw. Again, all these relations hold 
good for all the anthropoid apes* including, as far as it is possible to 
judge from the reconstructed jaws, both Sivapithecus and Dryopithecus. 

An osseous post-canine diastema is generally absent in the lower 
jaw of the female ape and normally present in the upper jaw. In 
the male ape an osseous diastema is normally present in the upper 
jaw, and in the lower jaw there is normally present a rather small 
post-canine diastema. In the upper jaw the diastema is formed entirely 
by the premaxilla, the maxilla playing no further part in the formation 
of the diastema than is required to form the mesial wall and septum 
of the maxillary canine; this may be at once confirmed by reference 
to the figures showing the palatal aspect of the upper jaw in the anthro- 
poids. In all sub-human Primates the upper incisor teeth develop, 
erupt, and are lodged in and supported by the premaxilla; the “maxil- 
lary” diastema for the reception of the mandibular canine being al- 
ways formed entirely by the premaxilla (167, 168). The premaxilla 
is both functionally and structurally a bone quite distinct from the 
maxilla, having its own ossification centres, and, in the sub-human 
Primate skull, maintaining its independence as a distinct structure. 
The tooth-bearing portions of each side of the upper jaw develop 
from and are represented by two distinct bones, the maxilla and the 
premaxilla, the incisors and the canine diastema being situated in the 
premaxilla, and the canine, premolars, and molars in the maxilla. In 
the lower jaw conditions are very different, for all the teeth on each 


* Excluding the gibbons; which in spite of their maxillary sabre-like canines 
do not exhibit a mandibular diastema owing to the buccal inclination of these teeth 
—as in many other Primates. In large-canined catarrhine and platyrrhine monkeys, 
such as the cynomorphs, the mandibular first premolar undergoes a remarkable 
specialization which serves at once as a “diastema” and as a “whetstcne” upon 
which the shearing surface of the maxillary canine is continually sharpened. 
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side of the jaw develop and function within a single bony element. 

It is this difference in the developmental structure of the upper 
and lower jaws which is, as we shall see, significantly related to the 
difference in the variability of the teeth in the lateral incisor region, 
as observed between the upper and lower jaws. 


FUNCTIONAL RELATIONS OF THE CANINE TEETH AND THE 
CANINE DIASTEMATA 


If, as seems certain, the size and the existence of the diastemata 
of the upper and lower jaws is determined by the functional relations 
of the canine teeth, then it is evident that a change in the functional 
relationships of the canine teeth would be associated with a reduction 
of the canine diastemata, for the only apparent function of these 
diastemata is to assist in rendering possible the variety of positions 
occupied by the canine during motion and while at rest. With the 
reduction in the size of the canine there is a loss of these positional 
relations, and there is no longer any function for the diastemata to 
perform, hence they disappear, and their disappearance occurs in dif- 
ferent ways in the two jaws. The loss of the diastemata in the upper 
jaw takes place by the reduction of the postero-lateral portions of the 
premaxilla; the maxilla remains unaffected. In the lower jaw scarcely 
any change occurs, for the mandibular diastema is comparatively small, 
and its non-development is merely a matter of a simple reduction or 
non-development of a small area of osseous tissue. In the upper jaw 
the process of reduction has assumed a far more complex character 
as a consequence first of the initially more complex structural rela- 
tions characterizing the upper as compared with the lower jaw, and 
second, and more importantly, as a result of the very substantial re- 
arrangements which the structures of the upper jaws have undergone 
in the evolution of man from a Sivapithecus-like ancestor. 

The jaws of Homo sapiens are characterized by the fact that all 
the anterior teeth have undergone a reduction in size, the canines being 
particularly reduced, almost to the occlusal level of the adjacent teeth; 
canine occlusal diastemata are absent, the maxillary incisor teeth are 
no longer markedly procumbent, but are more or less vertically oriented. 
Furthermore those portions of the jaws supporting the canine and 
incisor teeth instead of being projecting or prognathous are now in a 
relatively upright position, or orthognathous, having, pari passu with 
the reduction in the size of the crowns and roots of these teeth, under- 
gone a progressive reduction. 
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It is in the manner of the reduction of the jaws that the clue not 
only to the problem of the variability of the upper lateral incisors is to 
be sought, but also to the origin of the human chin. 


DEPENDENCE OF THE FORM OF THE JAWS UPON THE TEETH 


It must be clearly understood that the chief function of the jaws 
is to give support to the teeth and to receive and distribute the strains 
and stresses that are transmitted by the teeth in meeting in a func- 
tionally satisfactory manner. The form of the jaws is to a large extent 
determined by the form of the teeth. Jaws without teeth generally 
completely lose their alveolar bodies, and retain only so much of their 
form and structure as is necessary to subserve the physiological func- 
tions otherwise associated with them. This is very well seen in eden- 
tulous men and women in whom the subnasal portion of the upper 
jaw is oftentimes so far atrophied as to be situated on a plane posterior 
to the inferior orbital margins (when the head or skull is held in the 
Frankfurt Plane or in the Plane determined by the orbital axis), and 
in whom the inferior borders of the jaw (with the exception of the 
maxillary tuberosity which gives attachment to a number of muscles) 
are frequently situated upon the same level as the palate! It would, 
however, be an error to suppose that the relationship between the jaws 
and the teeth is exclusively a mechanical one, or that all diastemata 
in the jaws are determined by the occlusal relations of the teeth to 
one another, for there are unquestionably other factors which act upon 
the teeth and the jaws which serve, in part, at least, to determine their 
peculiar relations. Certainly the position of the canines in relation 
to the incisors and premolars in the jaws of certain insectivores can- 
not be accounted for on the basis of their occlusal relations to these 
teeth, Thus, for example, in Centetes, there normally exist great 
diastemata on either side of the canines in both upper and lower jaws, 
but these have demonstrably no relation either to the size or to the 
position of the teeth. In the anthropoid lower jaw diastemata are 
normally present between the canines and the lateral incisors, and fre- 
quently between all the mandibular incisors, but these diastemata do 
not appear to be the result of factors such as those which chiefly de- 
termine the presence of the canine diastemata in the upper and lower 
jaws. Yet while it is true to say that these diastemata are not the 
direct result of such relationships as exist between the canine teeth, 
it seems more than likely that the mandibular pre-canine and incisive 








330 HUMAN BIOLOGY 


diastemata of the anthropoid jaw actually represent an indirect result 
of the canine relationships; for it should be clear that the maxillary 
canine diastemata represent so much excess bone, as it were, which 
must be matched in amount by the lower jaw if the teeth are to main- 
tain their proper occlusal relations. In other words, the incisive and 
pre-canine diastemata of the mandible represent areas of bone which 
are in reality pure accommodations to the conditions determined by 
the canine relationships. The anthropoid mandible must maintain six 
teeth, the incisors and the canines, in an area of bone not less than 
that which in the upper jaw maintains four incisors in addition to the 
great canine diastemata in relation to which the mandibular canines 
lie. When it is considered that the mandibular incisors are smaller 
both in crown and root size than the upper incisors, it becomes evident 
that the above arrangement must result in an osseous spacing of the 
teeth in accommodation to the occlusal relationships of the incisors 
(and canines) of the upper and lower jaws. With a decrease in the 
size of the canines and an associated decrease in the size of the canine 
diastemata, such as may be observed in female anthropoids, there is 
a significant decrease in the size of these mandibular diastemata. When, 
as occasionally happens, a mature anthropoid skull exhibits a complete 
absence of the pre-canine diastemata in the upper jaw, all diastemata 
in the lower jaw are absent. The remarkable thing is that in such 
animals the canines may be well developed; it is, however, in such 
cases always to be observed that the canines are more than usually 
buccally inclined. 

With a fairly considerable reduction in the size of the canines 
and with the appreciable reduction in the size of the incisors of the 
mandible one could derive a human type of mandible from that of a 
chimpanzee-like mandible; it is, however, unnecessary to do this for 
the similar conditions provided in the mandible of Sivapithecus sivalensis 
are somewhat less specialized than those characterizing the chimpanzee, 
so that the changes which a jaw like that of Sivapithecus would have 
to pass through in attaining the conditions seen in the jaw of Homo 
sapiens, would be somewhat less than those which would be required 
in the passage of a chimpanzee-like mandible to the human. The 
conditions in the female chimpanzee are, however, sufficiently like 
those of Stvapithecus sivalensis, which is assumed to be a female, to 
render any statement made of the one valid for the other. 

The incisor teeth of both jaws of Sivapithecus sivalensis are un- 
known, but the fortunate circumstance that the incisor region of the 
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result TABLE 1 
ae Mandibular diastemata in the great apes, Gorilla, Pan and Pongo 
whic 
main- iam 
e and ACCESSION CANINE PRE-CANINE INCISOR 
which GENUS NUMBER SEX AGE  DIASTEMA DIASTEMA DIASTEMATA 
ed by (mm.) (mm.) 
in six 
- than Gorilla AMNHCA 505 M A* None None None 
10 the AMNH CA ? M A 2 2 None 
: AMNH CA 1460 M A 2 3 None 
anines AMNH CA 507 M A 2 2 All 
maller AMNH MM 51377 M A 2 3 All 
vident AMNH CA 503 M A 2 4 All 
of the AMNHCA 502 M A 2 5 All 
, AMNH CA 504 M A 3 None None 
— AMNH CA ? M A 3 None None 
in the AMNH CA ? —. 3 2 None 
canine Coll. N.Y.U. M A 3 5 None 
ere iS Coll. N.Y.U. M A 6 4 None 
W hen, P. Coll. F A None None None 
mplete AMNH CA 1472 F y** I None None 
AMNH CA ? F A 2 4 All 
temata Pan AMNH CA 158 M A None 3 All 
1 such AMNHCA 123 M A 2 I None 
1 such AMNH M 10276 M A 2 I None 
isually AMNH M 51379 M A 2 2 All 
: AMNH M 54330 M A 2 3 All 
: AMNH M 51376 M A 2 4 All 
anines AMNH CA 207 M A 3 3 All 
of the AMNH CA ? M A 3 4 All 
t of a AMNH CA 51394 M A 4 3 None 
1is for AMNH CA sia F A None None None 
alensh AMNH M 86857 F A None None None 
: P. Coll. F A 2 I All 
panzee, Pongo AMNHCA ? M A None None 6mm. between 
d have centrals 
Homo AMNH CA 124 M A None 2 None 
quired AMNH CA 900 M A 2 None None 
The AMNH M 19548 M A 2 I None 
é AMNH CA _ 808 M A 2 2 None 
ly like AMNH M 18010 F Y None None None 
1ale, to AMNH CA 1811 F A I 3 All 
AMNH M 35549 F ¥ 3 2 None 
are un- 
of the *A = Adult. ** Y — Young. 
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mandible together with the major portions of the canines of both jaws 
were found perfectly preserved, and in the case of the mandible, in 
situ, has enabled Hellman to reconstruct these teeth in both jaws com- 
pletely (see Plates I, II, Figs. 1, 2, 3, and 4). The remaining teeth 
have made possible the reconstruction of the missing homologous teeth 
and also of the palate and the missing parts of the mandible. In the 
figures the sutures and palatal foramina have been supplied by the 
present writer. Seen thus it is observed that in the upper jaw the 
pre-canine diastema is of appreciable size; in the mandible the pre- 
canine and incisor diastemata are virtually obliterated, whereas a small 
post-canine diastema is present. In varying degrees these conditions 
are frequently duplicated in the great apes, as is seen from the measure- 
ments in Table I which were made on a random sample of some 35 
anthropoid skulls. 


REDUCTION OF THE CANINE ELEMENTS 


Variability similar to that which occurs in the size of the canine 
and incisive diastemata of the anthropoid mandible, as seen by the 
figures in Table 1, also occurs, though less frequently, in the upper 
adult jaw. In many juvenile anthropoid crania the canine diastemata 
are non-existent; while in some adults the osseous pre-canine diaste- 
mata of the upper jaw may occasionally be so reduced as to represent 
virtually no more than a narrow septum separating the canine from 
the lateral incisor root. This would suggest that the canine diastemata 
of the adult anthropoid reflect a history of secondary development 
following upon the specialization in size of the large canine of the 
successional series. But however this may be, it is quite probable that 
a variability similar to that which characterizes the modern anthro- 
poids in the size of their canine diastemata was characteristic also of 
the members of the species Sivapithecus sivalensis. If that were so 
then it is easily seen that the establishment of the non-diastematic 
character of the jaws in an offshoot from this species could have been 
achieved by the genetic integration of a not uncommon normal varia- 
tion. The genetic establishment of such a character within a group 
would not necessarily require an excessive or even any reduction in 
the size of the canines, as witness the fact that in the existing anthro- 
poids such an absence of diastemata in the jaws may be associated 
with appreciably sized canines. This may have been the condition in 
Pithecanthropus, and may also serve to explain the chimpanzee-like 
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character of the mandibular canine which was found in association 
with Eoanthropus at Piltdown. In the Australopithecine apes, Paran- 
thropus robustus and Plesianthropus transvaalensis, the reduction of 
the canines and of the canine diastemata is markedly advanced (189, 
190). In Sinanthropus, Homo heidelbergensis, H. neanderthalensis, 
and H. rhodesiensis, the large canine has, together with the diastema- 
tization of the anterior teeth, virtually completely disappeared ; indeed, 
these characters have disappeared in all the Hominidae. It is, how- 
ever, important to note that such diastematization may occasionally 
occur in man (103, 113, 130). 


THE PREMAXILLA 


The reduction in the size of the teeth, of both their roots and 
crowns, together with the associated disappearance of the bony diaste- 
mata led, in the upper jaw, to the contraction, as it were, of the bony 
elements giving these teeth support, and in the lower jaw to a similar 
process of contraction affecting chiefly the alveolar and sub-alveolar 
portions of the incisive-canine region. In the first case an appreciable 
reduction of the premaxilla is effected, and in the second a reduction 
of the upper half of the anterior portion of the mandible. This change 
is one of the chief factors responsible for the peculiar character of 
the mandible of Homo sapiens—the chin—which, like the nose, in 
great part owes its existence to the contraction of the oral-visceral 
elements of the facial skeleton (164, 167). 

Now, as has already been stated, in the reduction of the visceral 
elements of the upper jaw the part of the skeleton most particularly 
affected is the premaxilla; the maxilla not being affected in any but a 
compensatory manner. For it is the premaxilla which bears the upper 
incisors and forms the pre-canine diastemata in the anthropoids; and, 
as Ashley-Montagu has shown in his recent studies (173, 179), the 
premaxilla in man has undergone so considerable a reduction both 
anteriorly and postero-laterally (at the pre-canine region) that this 
bone is now completely surrounded by the maxilla, having been cur- 
tained off anteriorly by the antero-medially growing lateral maxillary 
processes, and absorbed in their substance. So the result is that in 
man the premaxilla is normally no longer represented on the facial 
aspect of the skull, as it is in anthropoids. In man the anterior alveolar 
walls of the incisor teeth are formed by the maxillae, in anthropoids by 
the premaxillae. Only the posterior alveolar walls are formed by the 
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premaxillae in man, (Fig. 11). The attenuated remnant of the pre- 


maxilla is now superficially seen only upon the palatine aspect of the 
skull, the independent remant being hidden within the nasal fossae. 








Fic. 11. PALaTtaL View oF HuMAN Wuite FeMALE Foetus AGED 9.17 MonTHS 
(PRACTICALLY AT TERM) SHOWING THE RELATIONS OF THE 
PREMAXILLA TO THE MAXILLA 


From the standpoint of the present study we are interested chiefly 
in that portion of the premaxilla which formerly contributed to the 
formation of the pre-canine diastema. In man, as may be seen from 
the figures, this portion of the premaxilla has completely disappeared, 
and the septum separating the alveolus of the lateral incisor from the 
canine is now formed entirely by maxilla. It is in the development of 
this character that the essential part of the answer lies to the problem 
of the variability of the lateral incisor in certain varieties of mankind, 
for in those varieties which present the highest development, or per- 
sistence, of orthognathism we find the greatest reduction in the size 
of the diastemata and the greatest frequency of abnormalities of the 
lateral incisor. This merely means that in such groups of mankind 
the greatest reduction both anteriorly and postero-laterally has occurred 
in the premaxilla, as compared with other groups in which there has 
been less reduction. Developmentally the evidence indicates that vari- 
ability in the lateral incisor region in man is probably one result of the 
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trend towards reduction which particularly involves the area in which 
the upper lateral incisor is situated. In short, the evidence of com- 
parative anatomy suggests that, among other factors, the tendency 
towards the reduction in the size of the jaws which has culminated in 
the extreme orthognathism of the white man, has resulted in a blastogenic 
refinement for that area of the jaws most affected, namely, at the 
postero-lateral portions of the premaxillae in which the lateral incisors 
are situated. The suggestion may be ventured that this “refinement” 
probably takes the form of a very delicate adjustment between the 
genes devoted to the development of this area, between which an im- 
balance may easily be produced under conditions the precise nature 
of which is at present not understood. 


GENETIC AND SOMATOGENIC FACTORS 


During the last eighty years the hereditary nature of missing and 
reduced upper lateral incisor teeth has formed the subject of numerous 
studies and communications, all of which make it abundantly clear 
that we are in this connection dealing with a very definite change in an 
organ system, a change concerning which all the indications are that 
it is blastogenic or genetic and not somatogenic in origin, or due to 
some accidental factor of a traumatic or related nature. Recently (1574) 
an attempt has been made to establish an exclusively causal connection 
between congenital syphilis and missing upper lateral incisors, on the 
theory, presumably, that since some congenitally syphilitic individuals 
possess either suppressed or deficient lateral incisors congenital syphilis 
must therefore be the cause of these conditions. It is here unnecessary 
to dwell upon the point that because two things occur together they 
are not therefore related to one another. That there are certain dystro- 
phies of the body which may affect the form of the lateral incisors, 
and even result in their complete suppression, cannot be denied, but 
these conditions are of relatively rare occurrence and are easily dif- 
ferentiated from the blastogenic forms, for in the dystrophic cases 
the adjacent teeth, at least, generally exhibit similar developmental 
defects, whereas in the blastogenic forms only one or both lateral 
incisors are involved as distinct from the other teeth. Certainly 
congenital syphilis may affect that portion of the dental lamina from 
which the lateral incisors would normally develop, but that this disease 
is the chief or even an important factor in producing a reduction or 
suppression of these teeth is a notion quite demonstrably false. 
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THE RACIAL FACTOR IN THE VARIABILITY OF THE LATERAL INCISOR 


The frequency with which the lateral incisor element is affected 
appears to vary among the different living groups of mankind in a 
rather interesting manner. For example, among 226 adult Australian 
crania examined by the present writer not a single case was encountered 
in which any variability of any kind occurred in the lateral incisor 
region. Similar results were obtained by Campbell on a large series 
of Australians (124). Shaw, reporting on the examination of the 
teeth in 132 Bantu skulls, states that “The second incisor tooth in the 
Bantu, unlike the corresponding tooth in the modern civilized white, 
is rarely degenerate either in form or size” (157). Balkwill (45) 
found no case of any abnormality of the lateral incisor among the 
400 skulls of the “less civilized” races of mankind in the collection 
of the Royal College of Surgeons of England. Schwarz (130), who 
examined 267 New Caledonian and 400 New Hebridean crania for 
dental anomalies, failed to find a single anomaly of the lateral incisor, 
although in one New Caledonian and in one New Hebridean he en- 
countered an appreciable bilateral maxillary diastema. The present 
writer’s examination of 197 crania (113 male and 84 female) from 
the island of Ralum in New Britain, Melanesia, revealed one case of 
a crowded canine and lateral (AMNH. 1518, @ ), one case of a right 
lateral situated somewhat posterior to the canine (AMNH. 6147, @), 
one case of a supernumerary peg-shaped left central (?) situated 
postero-medial to the left central (AMNH. 2900, @?), and one case 
of a peg-shaped right lateral (AMNH. 4735, ¢); in no case was a 
lateral incisor absent. It is of interest to note that while only 0.8 per 
cent of males showed some variability in the premaxillary region, the 
appreciable number of 2.4 per cent of females exhibited some vari- 
ability here. Crowding of the teeth in the premaxillary region may be 
regarded as probably due to reduction of the premaxilla, or inadequate 
development thereof, resulting in an arrangement of the teeth accord- 
ing to the amount of space available to accommodate them. But crowd- 
ing is a very insignificant variation compared with the kind of variations 
encountered, for example, among whites. 

Hrdlicka (104) in the following two tables (Tables 2 and 3) 
gives the results of his findings with respect to the condition of the 
lateral incisor in 2689 living individuals representing five different 
groups of mankind. 
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TABLE 2 


Upper incisors degenerate 























MALES FEMALES 
Living Both 
subjects laterals Right Left Total No. Both Right Left Total 
involved 
Whites Individuals (4) (3) (17) (S00) (6) (3) (5) (14) 
(10) 
(500) Percent: 08 06 3.4 12 06 10 £28 
2.0 
American Negro (6) (1) (1) (8) (soo) (14) (6) (2) (a2) 
(307) 2.0 0.3 0.3 2.6 28 12 04 4.4 
Hawaiian (1) (1) (38) 
(21) 5.0 - ; 5.0 - oi a “ 
Chinese (31) (5) (10) (46) (104) (2) .. (2) (4) 
(547) 5.7 0o9d6« €6Ur18—lCOB4 2—  .. a= 4 
Japanese (s) (2) (1) (8) 
(172) 2.9 1.2 0.6 47 
TABLE 3 


Congenital absence of the upper lateral incisors 




















MALES FEMALES 
Living Both 
subjects laterals Right Left Totals No. Both Right Left Totals 
absent 
Whites (3) (1) (2) (7) (500) (6) (5) (4) (15) 
(500) 0.6 0.2 0.4 1.4 12 1.0 08 3.0 
American Negro (2) (2) (1) (5) (S00) (3) (4) (2) = (9) 
(307) 0.6 0.6 0.3 1.6 06 608—6— lO4 1.8 
Hawaiian (38) (1) - ‘fa (1) 
(21) a us 2.6 ois a 2.6 
Chinese (1) (1) (104) 
(547) a 
Japanese (1) (1) (2) 
(172) 0.6 0.6 1.2 





Totaled, these findings may be summarized according to the fre- 


quency percentage of missing laterals (Table 4). 
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TABLE 4 


Frequency of degenerate and missing lateral incisors 





DEGENERATE AND 




















GROUP DEGENERATE MISSING MISSING 
Chinese (50) (1) (51) 
(651) 7.7 0.15 78 
Japanese (8) (2) (10) 
(172) 4.7 1.1 6.0 
Hawaiian (1) (1) (2) 
(59) 1.7 1.7 3.4 
American Negro (30) (16) (46) 
(807) 3.7 2.0 5.7 
Whites (31) (21) (52) 
(1000) 3.1 3.2 5.2 





From Table 4 it will be observed that there appears to exist an 
inverse relation between the frequency of reduced or “degenerate” 
laterals and the frequency of missing laterals; the greater the frequency 
of reduction the less the frequency of suppression, and vice versa. 
It will further be observed from Hrdlicka’s findings that with the 
exception of the American Negro the degenerate lateral incisor occurs 
more frequently in all groups in the male than in the female. In ex- 
planation of the Negro exception, Hrdlicka states that “the females 
included more of the ‘lighter colored’ in whom the condition appears 
to be more frequent than in the ‘darker’ subjects and full-bloods”. 
This seems a likely enough explanation since the addition of white blood 
would doubtless increase the frequency of the variation. With respect 
to missing lateral incisors the frequency is greater among the females 
than among the males, which is the reverse of the frequency for re- 
duced incisors. This difference is extremely interesting when it is 
recalled that among the anthropoids the females invariably exhibit 
the greatest reduction in the size of the canines as well as of the 
lateral incisors. As in all other characters the female of the species 
seems generally to exhibit the character of the trend of development 
of the group in a more advanced degree and with a greater frequency 
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than the male. This is not to say that among certain human groups 
there is necessarily a trend towards the eventual complete elimination 
of the lateral incisors, although this may be so, but rather that the 
variability of the lateral incisor may be regarded merely as the occa- 
sional overstepping, as it were, of a trend towards orthognathy. 

That reduced and suppressed upper lateral incisors occur in many 
other human groups in addition to those already referred to is certain. 
Thus Dorsey (60) has described a Peruvian skull from Huaracondo 
near Cuzco in which both laterals were wanting, and he has also de- 
scribed (61) three other Peruvian crania in which both upper laterals 
were very much reduced. Similar conditions have been described in 
most European peoples, and a vast number of cases have been reported 
showing that these conditions are of an hereditary nature. Most of 
these reports, from the earliest to the latest, are listed in chronological 
order in the bibliography; to notice them even briefly here would be 
impossible. 

In the most exhaustive study thus far published on the reduction 
of the lateral incisors in man Rése (73) reports his findings on 15,246 
adults, comprising 12,250 living individuals and 2996 crania. Rdse’s 
findings are reproduced here in Tables 5 and 6. 


TABLE 5 


Reduction of the permanent maxillary lateral incisors 
in non-European peoples 








NO. AND PERCENT TOTAL NO. OF TOTAL 
GROUP NO. OF OF SKULLS NO. OF SUPER- NO. OF 
SKULLS REDUCED OR TEETH NUMERARY SUPER- 
MISSING AFFECTED LATERALS NUMERARIES 
Negritos 33 .- (0.0%) .. (0.0%) 
Mongols, Chinese, 
Japanese 82 .. (0.0%) .. (0.0%) 2% idk 
Melanesian 1018 6 (0.6%) 7 (0.3%) 3 2 
Old Egyptian 109 1 (0.9%) 1 (0.5%) ah oe 
Indian 307 3 (0.8%) 5 (0.6%) ‘i es 
Polynesian 192 2 (1.0%) 3 (08%) I I 
Guancho 99 1 (1.0%) 2 (1.0%) ‘i = 
African Negro 473 7 (1.5%) 9 (1.0%) 2 3 
Malay 257 5 (1.9%) 7 (1.4%) 
Maori 86 2 (2.3%) 4 (2.3%) 
Australian 65 4 (6.0%) 5 (3.8%) 





Average 2811 31 (1.1%) 43 (0.8%) 6 (0.21%) 7 (0.12%) 
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TABLE 6 


Reduction of the permanent maxillary lateral incisors in Europeans 
(After Rose) 








PERCENT OF PERCENT OF 
INDIVIDUALS LATERALS 
GROUP NUMBER WITH REDUCED REDUCED OR 
OR MISSING MISSING 
LATERALS 
Living North and Middle Europeans 
Soldiers and Conscripts Germany 
ES kacossecanweesectes 12,250 3.2 2.4 
Greek Crania from the Peloponnese 185 1.6 08 





Roése’s figure of 1.5 per cent of reduced or missing lateral incisors 
in the African Negro is of interest when compared with Hrdlitka’s 
figure for the American Negro who showed an incidence of 5.7 per 
cent of cases of complete or partial reduction. The influx of white 
blood in the latter case is no doubt of significance here, just as the 
higher incidence of these conditions in the American Negro female 
as compared with the American Negro male may be associated with 
the definitely lighter hue of the females. It will be observed that in 
certain cases Roése’s figures differ very appreciably from those of other 
investigators; thus, while Hrdlicka found that 7.4 per cent of 823 
Chinese and Japanese individuals, and Koganei (165) found that 2.0 
per cent of Chinese and 4.2 per cent of Japanese, showed a degenerate 
or missing lateral incisor, Rése found not a single instance of such a 
condition in any of the 82 skulls examined by him. In view of the 
fact that neither Campbell (124) nor the present writer encountered 
a single case of an affected lateral incisor in the two different series of 
Australian crania independently examined by us, Rose’s 6.0 per cent 
of affected laterals in his series of 65 Australians seems extraordinarily 
high. For the rest his findings are fairly comparable with those of 
other observers. 

Here an account may be given of the writer’s own observations on 
the variability of the lateral incisor element as exhibited by a fairly 
homogeneous group of males ranging in age from 17 to 32 years, being 
Jews of Eastern European extraction, and all Freshmen students in 
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The College of Dentistry, New York University, and comprising a 
total of 528 individuals. The examinations were carried out by the 
writer between the years 1934-1938; the summated findings are given 
in Table 7. A few of the terms used in this table may be defined here. 


TABLE 7 


The condition of the lateral incisor element in 
528 American Jewish males 











CONDITION NUMBER PERCENT TOTAL PERCENT 
eR A” fee Pere oe 6 1.1 Rotated 
DE 6s piddccedsesonmedanas 5 1.0 4.0 
| EES Ser yr ee 10 1.9 
CNG OE PEE Bes cndcccsscncs<es 14 2.6 
NS ae eee 7 1.3 Crowded 
NE Ee . 1.5 55 
Crowded and rotated R and L.... 3 0.6 
Crowded and rotated L........... 2 0.4 
Crowded and malerupted R....... I 0.2 — and affected 
Crowded and reduced R and L.... 6 1.1 : 

Crowded L, Reduced R.......... I 0.2 

Slightly reduced R and I......... 80 15.1 Slightly red 
Slightly reduced R...........0.0 3 08 on ena 
Se 8 1.5 

Reduced and rotated R and L..... 5 1.0 Reduced and rotated 
Rotated R, Reduced L........... I 0.2 1.3 

Rotated L, Reduced R........... I 0.2 
Deciduous only R and L.......... I 0.2 } Retained deciduous 
Markedly reduced R and L....... 5 1.0 = 

Markedly reduced R............. 2 0.4 Markedly reduced 
Markedly reduced L............. 2 0.4 or degenerate 
Markedly reduced R and slightly L 2 0.4 2.5 

Markedly reduced L and slightly R 2 0.4 

Absent R, Reduced L............ 3 0.6 

Absent L, reduced R............. 2 0.4 Absent 
eee I 0.2 2.6 

4 4 Se 8 1.5 

Supernumerary R and L.......... I 0.2 Supernumerary 
ee I 0.2 0.4 

Total number 528..............- 1g! 36.1 (19.0) 
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By “Slightly reduced” is meant a lateral incisor tooth the occlusal 
surface of which is not upon the same plane as the occlusal surface of 
the central incisor, although the lateral appears to be fully erupted. 

By “Reduced” is meant a lateral incisor tooth exhibiting a more 
advanced condition than slightly reduced. 

By “Markedly reduced” is meant a peg-shaped tooth, or one less 
than half the size of a normal lateral. 

“R” means on the right side of the jaw, and “L” on the left side 
of the jaw. 

The remaining terms require no explanation. 


The frequency of missing laterals on one or both sides of the upper 
jaw in the group of 528 males described in Table 7, namely 2.6 per 
cent, is in substantial agreement with Hrdlicka’s finding of 2.2 per 
cent in the 1000 whites examined by him, and also with the 3.2 per 
cent of Rodse’s reduced and missing class. It will also be noted that 
there is a fairly close agreement with respect to Hrdlicka’s percentage 
of individuals with degenerate teeth, namely 2.5 per cent. The totals 
for combined missing and degenerate laterals expressed in percentages 
of white individuals showing these conditions according to Rose, 
Hrdlicka, and myself, are as follows: 


Rose Hrdlicka Montagu 


3.2 5.2 5.1 


From Table 7 it will have been seen that variability of one kind 
or another in the lateral incisor region was exhibited by 36.1 per cent 
of this group of 528 individuals. However, this includes a group of 
g! individuals who showed slight reduction of the laterals, but since 
this category may be a purely classificatory one without any very real 
significance—in view of the fact that the conditions so described may 
very well fall within the range of normal variability—-we may perhaps 
omit this group from our percentage estimate of variability, and cal- 
culating anew for all the other conditions, from rotation to super- 
numeraries, we obtain the figure of 19.0 per cent. This is, of course, 
a very high degree of variability, particularly when compared with the 
variability of the canines and medial incisors of the same group, which 
amounts to some 3.3 per cent, as follows: 
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Canines No. of cases Centrals No. of cases 

Both absent............. I Both buccally displaced... I 
eee 2 Both buccally rotated..... I 
Buccally displaced R..... 3 pe YR I 
Lingually displaced L.... I i I 
eS Ea I Buccally displaced R..... I 

Buccally rotated R....... I 

Buccally displaced L..... 2 


DEVELOPMENT AND VARIABILITY OF THE LATERAL INCISORS 


The relative invariability of the upper centrals and canines as com- 
pared with the variability which characterizes the laterals is most strik- 
ing, and certainly renders it clear that in this group, at least, it is the 
lateral incisor element, using this term to include both the tooth and 
the region in which it is normally situated, which is subject to develop- 
mental conditions which affect it very significantly and considerably 
more frequently than the adjacent elements. We can only attribute this 
variability to the effects of the developmental reduction of the pre- 
maxilla, particularly at its postero-lateral extremity in which the lateral 
incisor germs are, or come to be, situated; this, at least, is the con- 
clusion to which one is led by the study of the embryology and the 
comparative anatomy of the region. What it is exactly that occurs 
during the process of growth and approximation to one another of the 
maxillary and premaxillary processes together with the dental lamina, 
which results in conditions such as those listed in Table 7, it is at 
present impossible to say with certainty, but in those cases for which 
there may be no genetic basis for the condition, and it is very probable 
that there are many such cases, it is not difficult to envisage a slight 
aberration during development which would be quite sufficient to re- 
sult in, if not to cause, such conditions. Inadequate development of 
the premaxillae, which develop in the mesial nasal processes, with or 
without constriction of the dental lamina, is a concept which would 
suffice to explain the reduction, crowding, or rotation of the lateral 
incisors. Excessive postero-lateral reduction of the premaxilla result- 
ing in a condition which prevents the development of that portion of 
the dental lamina which is normally devoted to the lateral incisor, 
would account for those cases in which the lateral incisor on one or 
both sides of the jaw fails to develop. In those individuals in whom 
a deciduous lateral has been present but not succeeded by the per- 
manent tooth, the explanation may be that the development of the lateral 
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incisor germ occurred just prior to the period in development when the 
constrictive or reductive process began to make itself felt. 

The end-result of a developmental process in any particular variety 
must always be looked upon in terms of the degree of activity char- 
acterizing the original processes of development which have determined 
the end-result or product. If by degree we understand rate of growth, 
that is, increase in complexity and in size as modified by environment, 
we may readily see that variations in the degree of development set 
by such limiting factors as genes or the environment will express 
themselves in results varying in proportion to the effects of the opera- 
tion of such limiting factors. Differences in the degree of development 
may be appealed to in order to explain the degree of variation which 
characterizes the lateral incisor element in any one individual. This, 
it appears, will usually be determined by genetic factors. It is a long 
way from the gene to the phenotype, from the fertilized ovum to the 
fully developed individual, and although we do not yet understand all 
the detailed relations between the genes and the phenotype in mam- 
mals, we do know, at least, that observable defects or alterations in 
the chromosomal structure in such a form as Drosophila express them- 
selves invariably in recognizable associated defects or alterations of 
the developed individual. A chromosomal or germinal change means a 
chemical or tissue change, and from the observable hereditary nature 
of most cases of lateral incisor variability we must assume that in such 
cases we are dealing with the effects of an inherited germinal altera- 
tion. It will be observed that I have avoided speaking of an “inherited 
germinal defect”, for the reason that it would be unjustified to assume 
without further inquiry that the various degrees of variability char- 
acterizing the lateral incisor elements in man are to be regarded as 
the expression of germinal dental defects. 

It does not follow from the fact that the lateral incisor variability 
is to be regarded as due chiefly to the evolutionary trend towards or- 
thognathism that the lateral incisor tooth is on its way to ultimate 
complete elimination. It should be remembered that the progressive 
reduction which the upper jaw has undergone in the course of evolu- 
tion has in this connection primarily involved the reduction not of 
the lateral incisor tooth, but of the bony diastema posterior to it. Vari- 
ability in the lateral incisor element may be conceived as occurring not 
because the lateral incisor is no longer necessary, but because the element 
in which the lateral incisor tooth happens to be situated forms the 
immediately adjacent part of a structure which has ceased to be neces- 
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sary, that is, the premaxillary diastema of the sub-human primates. 
In human ontogeny the processes involved in producing the proper 
relation between the lateral incisor premaxillary element and the canine 
maxillary element may sometimes fail to make sufficient provision for 
the postero-laterally reduced portion of the premaxilla, in which case the 
tissue devoted to the lateral incisor may become involved and thus fail 
either wholly or in part to develop. If this is true then it is obvious 
that in lateral incisor variability we are dealing not with an effect 
of germinal lateral incisor deficiency, but rather with an effect of 
germinal or developmental deficiency of the postero-lateral element 
of the premaxilla. It is not the variability of the lateral incisor which 
is responsible for the postero-lateral reduction of the premaxilla but 
the contrary—the postero-lateral reduction of the premaxilla is re- 
sponsible for the variability of the lateral incisor. 


HEREDITY AND THE VARIABILITY OF THE LATERAL INCISORS 


It is possible that defects of the lateral incisor are sometimes the 
result of a defective gene, or genes for that portion of the dental lamina 
from which the lateral incisor develops, but without a more detailed 
knowledge than we at present possess concerning the genetics of develop- 
ment of the visceral portion of the human head it is impossible to dis- 
tinguish what conditions of lateral incisor variability are due to “dental” 
genes and what to “premaxillary”. The problem is very far from being a 
simple one, and were the material better than it is and the conditions 
under which it had been gathered more comparable to those of the 
experimental geneticist, it would not be much less difficult. An ex- 
amination of some of the pedigrees which were collected from among 
the 528 students examined by the writer indicates that most forms 
of lateral incisor variability are inherited as pure dominants. However, 
this material would hardly be regarded as satisfactory for an adequate 
genetic analysis, although it requires to be said that with very few 
exceptions all the pedigrees which were collected from the literature 
relating to lateral incisor variability fully support the suggestion that 
the various forms of lateral incisor variability behave as pure dominants. 

It would, perhaps, be dangerous to attempt to draw a parallel be- 
tween the findings of geneticists with respect to the development and 
genetic transmission of some abnormality in a lower mammal and a 
relatively simple variation such as that with which we are here con- 
cerned. One cannot, however, avoid the impression that very similar 





346 HUMAN BIOLOGY 
































C1. Mae oO. Dectovovs 
et Femace ? ~ Cowprries wncwown 


a. Reouceo ~ » Rorareo 





E BB. Aosenr com oes} ww = Deroemep 


Ei. Reouceo cerr soe =| = Uneevereo ano movcep) 








O a OB . Dosenr ment see we - Porareo aw epucen 
r te ~ Sie umncwoun 


Fics. 12A, B, C, D, E, F, G, H, I, J, and K. Peprcrees SHowrnc THE DoMINANT 
INHERITANCE OF THE VARIETIES OF LATERAL INCISOR VARIATIONS 


factors and processes underly the appearance of certain abnormalities 
and simple variations in both the lower animals and in man. The es- 
sential significance of the difference between a simple variation and a 
serious anomaly or abnormality is, developmentally, slight; as Stockard 
has remarked, “The end products of development differ from one 
another to varying degrees, slight differences are of little concern and 
are classed as ordinary variations, but when the same deviations be- 
come exaggerated they may be ranked as serious deformities or ano- 
malies” (105). When the developmental tendency of the anthropo- 
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morpha towards reduction of the lateral incisor element occasionally 
manifests itself in man in a reduction of the lateral incisor tooth, we 
describe it as a slight variation; when the tooth is totally suppressed 
we sometimes term the condition a defect; when there is a failure of 
union between the maxillary and premaxillary processes with result- 
ing cleft palate and/or cleft lip, the condition is then regarded as a 
serious defect or abnormality, as, indeed, it is. The difference between 
a slightly reduced lateral incisor on each side of the upper jaw and 
bilateral cleft palate and lip is great, yet the two conditions are in most 
cases probably due to the operation of similar factors differing only in 
respect of the exact time during development,—and probably in the 
degree of intensity—at which they come into play. Fifty years have 
elapsed since Lucas (39) first pointed out the relation between con- 
genital absence of an upper lateral incisor and cleft lip and cleft palate, 
—“that the absence of a lateral upper incisor tooth resulting from an 
arrest of development is to be regarded as a malformation closely re- 
lated to harelip and cleft palate, and capable of transmitting each or 
both of these deformities to a succeeding generation”—and in spite 
of the fact that he repeated his observations some sixteen years later 
(69) they seem to have passed practically unnoticed. Lucas found 
that among some of his cases of infants with cleft palate and harelip 
the mother exhibited absence of a lateral incisor. In most cases the 
mother was quite normal, but the father was never examined. Lucas 
interprets his findings as distinctly showing “that there was an arrest 
of development in the parent, which became transmitted or exaggerated 
in the offspring” (39). In his later communication he adds 


that in the case of harelip and cleft palate there may have been through gener- 
ations an unnoticed defect in the natural line of junction between the incisor bone 
and maxilla. Then the marriage with another who by chance has inherited 
through some ancestor a weakness of development in the same part, or possibly, 
simply as the result of deprivation of proper nutriment during the developing 
period, a well-marked distinct and obvious deformity noticeable by all may be- 
come developed (69). 


Lucas’ impeccable reasoning is to-day fully substantiated by the 
findings of surgeons (107, I10, I11), and geneticists (116, 135, 161). 
Sanders, for example, in his magnificent study of the inheritance of 
harelip and cleft palate among the Dutch (167) has shown that the 
inheritance of these conditions probably depends upon polymerous re- 
cessive factors, and that these and related abnormalities are found 
more frequently among the members of the affected individual’s family 
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than among the rest of the average population, and finally, that the 
parents’ hereditary factors strengthen or counteract (weaken) each 
other according as one or more factors are adversely affected by certain 
influences. Numerous other independent observations lend added sup- 
port to Lucas’ original interpretations concerning the hereditary nature 
of these conditions and of their relation to one another. Reed and 
Snell (156) have shown that harelip (each premaxilla is divided by a 
longitudinal cleft, just lateral to the incisor teeth, into two distinct 
portions) may appear as a mutation in the house mouse and thereafter 
behave as a recessive subject to normal overlaps. Wright (171, 172) 
has shown that the occurrence of otocephaly (subnormal development 
of the head) in guinea pigs arises as a dominant mutation. Cases of 
reduction of the premaxillae and absence of the incisors occur among 
otherwise normal guinea pigs, and it has been suggested by Wright 
and his collaborator Eaton that deficiency of the mesectoderm related 
to the fronto-nasal process is the immediate cause of abnormality in 
this region in such animals (172). Gene effects of a simple quanti- 
tative sort may express themselves in the varieties of qualitative changes 
ranging from complete absence of the head (anencephaly) to simple 
reduction of the lateral incisors, depending upon the developmental 
moment or moments at which the gene effect comes into play, and also, 
doubtless, upon the intensity of its action. The extreme abnormalities 
are probably determined very early in development, affecting specifically 
the anterior medullary plate. A condition such as missing lateral in- 
cisor is very probably due to the operation of a genetic factor which 
does not come into play until quite late in development, at the time, 
possibly, of the proliferation of the dental lamina from the oral epithe- 
lium and its approximation to the developing jaws. 


CONCLUSION 


The genetic nature of the tendency towards the elimination of the 
maxillary lateral incisor teeth in man is now, I believe, adequately 
demonstrated. This tendency is to some extent already perceptible in 
the anthropoids in whom these teeth are occasionally found in quite 
a vestigial condition (50, 175). Bearing in mind the fact that in 
anthropoids in whom these teeth are not vestigial, complete absence of 
diastemata in both jaws is also occasionally seen, it should not then be 
very difficult to conceive of the manner in which the tendency towards 
such conditions may have been carried over to the Hominidae in as- 
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sociation with jaws which are characterized by a marked tendency to- 
wards reduction. Such conceptual conditions are seen actually realized 
in the jaws of the Australopithecine anthropoids Plesianthropus trans- 
vaalensis and Paranthropus robustus. The signficance of the variability 
of the upper lateral incisor teeth in man may be interpreted in the fol- 
lowing two propositions: (1) The variability of the upper lateral in- 
cisor teeth in man reflects a tendency which was probably already 
present in the ancestral stock of both the Hominidae and the Great 
Apes, and (2) This tendency finds expression in the various groups 
of mankind in different degrees, depending upon such a complex of 
factors as genetic structure, degree of orthognathism, and the chance 
occurrence of conditions favoring a genetic tendency common to the 


group. 


SUMMARY 


Among modern whites the maxillary lateral incisor teeth of the 
permanent series are wanting in about 2.5 per cent of cases. In about 
5.0 per cent of cases they are both absent and reduced. In about 19.0 
percent of cases they show some degree of recognizable deviation from 
the normal condition. 

The Chinese show about 2.0 per cent, and the Japanese about 4.0 
per cent of missing and reduced lateral incisors. 

Pure-blooded negroes show about 1.5 per cent, and mixed-blood 
negroes about 5.0 per cent of missing and reduced lateral incisors. 

Relatively unmixed races such as Australian aborigines, Bantu, and 
various groups of Melanesians very rarely exhibit deficiencies of the 
lateral incisor teeth. 

Variability of the lateral incisors is exhibited slightly more fre- 
quently by females than by males. 

Variability of the lateral incisor teeth occurs excessively rarely 
among sub-human primates, and hardly ever in any other mammals. 
The frequency of the condition therefore may be regarded as a dis- 
tinctively human one. 

Comparative anatomical investigation reveals the fact that the trend 
towards reduction of the region in which the lateral incisor is situated 
was already present in the stock ancestral to man and certain extinct 
anthropoids. This tendency finds expression in the various groups of 
mankind in different degrees, according to the operation of such a 
complex of factors as genetic structure, degree of orthognathism, and 
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the chance occurrence of conditions favoring a genetic tendency com- 
mon to the group. 

It is shown that conditions affecting the lateral incisor teeth of one 
or both sides of the upper jaw behave genetically as pure dominants, 
although in many cases it is probable that the dominance is incomplete. 
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Fig. 1 is drawn from Hellman’s model of the reconstructed original. The shaded 
areas represent the original parts; the lighter areas the reconstructed parts. 
The facial premaxillary suture has been drawn in by the present writer. Natural 
size. 

Fig. 2 is after Hellman’s model of the reconstructed original. The sutures and 
foramina have been drawn in by the present writer. The shaded teeth represent 
the originals, the lighter drawn teeth the mirror image models of the equivalent 
teeth, P2 and M3, on the opposite side of the jaw. Note the pre-canine diastemata. 
Natural size. 
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Fic. 3. SIVAPITHECUS SIVALENSIS. THE MANDIBLE 


After Hellman’s model. The shaded areas represent the original parts, the 
lighter areas the reconstructed parts. Note the pre-canine diastemata. Natural 





SiZe. 
Fic. 4. SIVAPITHECUS SIVALENSIS. RiGgut LatTeraAL Aspect oF THE MANDIBLE, 
SHOWING THE PRESENCE OF A VERY SLIGHT Post-CANINE DIASTEMA 
After Hellman’s model. The shaded areas represent the original parts, the 


lighter areas the reconstructed parts. Natural size. 
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Fic. 5. PAN species? Q. MAXILLARY AND MANDIBULAR RELATIONS OF THE TEETH 

Note the pre-canine premaxillary diastema in the upper jaw and the post 





the canine diastema in the lower jaw. Natural size. 
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Fic. 6. PAN spEcIES? @. PALATAL ASPECT 


Note the pre-canine premaxiilary diastema. Natural size. 











Fic. 7. PAN species? @. THE MANDIBLE 


Note the pre-canine and incisor diastemata.. Natural size. 














PLATE V. 





XK 


GORILLA GORILLA. @. MAXILLARY AND MANDIBULAR RELATIONS OF THE 
TEETH 


Note the pre-canine premaxillary diastema in the upper jaw, and the relation 
ot the mandibular canine to it. Natural size. 
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A COMPARATIVE EXAMINATION OF CER- 
TAIN ASPECTS OF THE POPULA- 
TIONS OF THE NEW WORLD’ 


BY RAYMOND PEARL 








I 


———* JHE huge globe that we call the Earth differs in a number of 
: ==) respects from a billiard ball. For one thing it is a lot bigger. 
: For another its surface is not quite so smooth. If a giant 
=== Of appropriate size were to roll the Earth around in the 
palm of his hand and palpate it with the tips of his fingers, as we do a 
billiard ball, he just possibly might sense that it was not a perfect sphere, 
but he would certainly feel that its surface had not been quite so care- 
fully polished as we perceive the surface of a billiard ball to be. The 
earth would seem just a little rough in his hand—not much so, but at 
least perceptibly short of absolutely perfect smoothness. 

The slight surface roughness of this planet is really the most im- 
portant thing conceivable to us assembled here and to our fellow human 
beings generally, because it is what makes it possible for man as we 
know him to exist at all. For the only kind of man we know anything 
about, and for all we know the only kind of man that exists or ever has 
existed, is an earth-bound creature. That is to say, he can continue in 
life for any length of time, individually or collectively, only on land. 
Now what we call “land” is merely the excrescential part of the slight 
roughness that characterizes the surface of our planet. The complemen- 
tary depressed part of the total surface roughness of the globe is filled 
with the water that constitutes our oceans, seas, and the smaller fluid 
elements of terrestrial topography. Without this water life would again 
be impossible, but man survives for only a brief time in it. 





*From the Department of Biology of the Johns Hopkins University, Baltimore, 
Maryland, U. S. A. This paper was presented in condensed form, under the title 
The Populations of the New World, as part of a symposium on Population Prob- 
lems in the Western Hemisphere at the Eighth American Scientific Congress in 
Washington, D. C., on May 14, 1940. 
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This planet has a total surface area of roughly 192.2 million square 
miles. Of these about 140 million square miles, or 72.8 percent of the 
total, are water, while the remaining 27.2 percent are land. This land 
area includes all sorts and kinds, land literally good for nothing as well 
as the rich and fertile. It appears on the globe in three main parcels, 
commonly spoken of respectively as the Eastern Hemisphere or Old 
World, the Western Hemisphere or New World, and Oceania, which 
includes Australia, New Zealand and the islands of the Pacific Ocean. 
Our Western Hemisphere is still a relatively “new” world in more 
respects than its comparatively late discovery by the denizens of the Old 
World. Its vital resources in human populations, as will presently 
appear, still show characteristics of the superior vigor biologically 
associated with youth; and the material bases for human living that 
derive from the earth have, on the whole, been less depleted than in the 
Old World. 

Now if the total land area of the globe be thought of as comprised 
in these three main divisions it appears that, as of approximately the 
present time, the Old World, consisting of Eurasia plus Africa, contains 
about 87 percent of the 2.1 billion human beings now living. The individ- 
uals comprising this 87 percent of the total world population are distri- 
buted over approximately 62 percent of the total land area. To this 
situation the New World consisting of North America, including Central 
America and the Caribbean islands, and South America presents a con- 
siderable contrast. It has only about 13 percent of the total world popu- 
lation with almost 32 percent of all the land area of the globe to spread 
over. Thus it is clear that the New World still has a great advantage 
over the Old World in the matter of that relationship between population 
and available land that is so fundamental to human happiness and pros- 
perity. In the Americas a man can start on a random walk from any 
point and in any direction and, on the average, go a great deal farther 
than can a similarly disposed person in the Old World before he en- 
counters another person, with all the sad risks that the one met may 
turn out to be either a bore, or a nuisance, or a bloodthirsty ruffian. Also 
we of the New World can engage in that most peaceful as well as 
beneficent of philosophical pursuits, the cultivation of our gardens, with 
a satisfying sense of lordly expansiveness denied to those of the Old 
World, whose average gardens have to be comparatively tiny ones. 

Finally, to complete the statistical picture that has been started, the 
third main division of the land area of the globe must be considered. 
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Fic. 1. Percentace DistripuTion or LAND AREA AND POPULATION FOR THE 
MAIN Divisions OF THE EarTH, AS OF APPROXIMATELY THE YEAR 1939. 
(Data from Table 1) 
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This is Oceania, which as here defined, contains only about 0.5 percent 
of the world’s total population, with a little over 6 percent of the total a 
land area to live on. Relatively Oceania is better off in the popu- 
lation/land area relationship than either the Old or the New World. 
TABLE 1 
HE 
Approximate populations and land areas of the world, based upon 
estimates published in 1939 
ie] 
ze a 
: £ a 
CONTINENT - 5 : 
HEMISPHERE (or geographical COUNTRY <-> = sf 
. 5 a) ae 
equivalent ) ot 2 3 & 
FE 36 &EF 
=) 2a 
~ be Ze 
ig 68 Gi 
U. S. A. 3,027 129,81 42.9 
Newfoundland 43 289 6.7 
Canada 3,684 11,165 3.0 
Dependencies, ze 
colonies, etc. 1,538 88 06 Pe 
a — Wes 
Sub-total for countries ow 
north of Mexico 8,202 141,360 17.0 =. 
Haiti 10 2,600 260.0 
Dependencies, 
colonies, etc.*+ 24 4,285 178.5 
Salvador 13 1,665 128.1 = 
Cuba 44 4,200 95.5 _— 
Dominican Republic 19 1,587 83.5 cseun 
Guatemala 42 3,002 71.5 
Costa Rica 23 607 26.4 
Mexico 760 19,320 25.4 
Panama 29 548 18.9 
Nicaragua 49 goo 18.4 Oc 
Honduras 59 1,000 16.9 om 
Sub-total for The V 
Central America +A 
and Caribbean 1,072 39,714 37.0 This r 
North America Total 9,364 181,074 19.3 a 
: 
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TABLE 1 (continued) 
wl 
= 
2 é 3 
= & 
5 <8 
CONTINENT 5p 
HEMISPHERE (or geographical COUNTRY : S S $ a 
equivalent) o£ $+ S & 
& ~» wn 
eB 45 &EF 
=) n 
= Q Zz 
e§ 58 (GE 
Uruguay 72 2,003 29.1 
Colombia 440 8,600 19.5 
Ecuador 176 3,000 17.0 
Chile 286 4,597 16.1 
Peru 482 7,100 14.7 
Brazil 3,286 43,247 13.2 
Argentina 1,078 12,762 11.8 
Venezuela 352 3,530 10.0 
Bolivia 507 3,300 6.5 
Dependencies, 
colonies, etc.*+ 193 1,099 5-7 
Paraguay 177 950 5.4 
South America Total 7,049 90,278 12.8 
Western 
Hemisphere Allthe Americas Grand total 16,413 271,352 16.5 
ih Europe** Total 2,095 396,930 180.5 
Asia** Total 10,348 1,124,100 108.6 
Europeand Asia U.S.S.R. 8,176 169,000 20.7 
Africa Total 11,699 153,600 13.1 
Eastern 
Hemisphere Grand total 32,318 1,843,630 57.0 
- =, New Zealand 103 1,602 15.6 
Dependencies, 
colonies, etc.t 223 2,007 9.4 
Australia 2,975 6,927 2.3 
Oceania Grand total 3,301 10,626 3.2 
The World eee Grand total 52,032 2,125,608 40.9 











* All islands south of 12° north latitude are included with South America. 


This means actually Curacao, Trinidad, and Tobago. 
** Exclusive of U.S.S.R. 
7 Regardless of ownership or political control. 
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But absolutely it is after all only a smallish fraction of the world, how- 
ever envisaged. 

Fig. 1 shows in graphic form, and in greater detail the relationships 
between land areas and the populations living on them, for the main 
divisions of the earth. 

This diagram makes clear the still happily uncrowded condition of the 
Western Hemisphere, as compared with most of the rest of the World. 
In a later section some further inferences from the distributions shown 
in Fig. 1 will be discussed. 

The data upon which the above discussion is based are derived pri- 
marily from the latest statistical summary? made under the auspices of 
the Financial Section and Econemic Intelligence Service of the League of 
Nations (A. Loveday, Director), but checked against other official and 
semi-official sources. They are here condensed in Table 1. In this table 
the countries within each of the three main areal divisions defined above 
are arranged in descending order of average density of population 
(persons per square mile of land area). 

It need not be emphasized«to students of population that the figures 
that have been discussed, and in some part those to follow in the paper, 
cannot possibly be regarded as exact. They are at best approximations, 
based partly only upon what may politely be called “estimates” but which 
really are more or less shrewd guesses; and for the other, and fortun- 
ately larger, part upon census counts made at some time or other, and 
with somewhat varying degrees of accuracy. It should, however, in 
fairness be said that there is substantial agreement among those students 
who specialize in the subject of world population at the present time in 
respect of the broad results and aspects of the approximations presented. 
They are, in short, regarded as about the best that can be made at the 
present time. And there is evidence of another sort, that cannot be 
discussed here, indicating that the totals cannot be far off from the 


presently unknowable reality. 


II 


The relation of population to land area can be most precisely and 
effectively expressed and discussed as density of population, in the sense 
of the average number of persons per unit area, which unit area may 
conveniently be taken as a square mile. How do the countries of the 


* Annuaire Statistique de la Société des Nations. 1938/39. Geneva, 1939. 
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New World distribute themselves in this respect, and in comparison 
with the countries of the Old World? 

Of all the countries in the Western Hemisphere Haiti has the highest 
average density of population with approximately 260 persons to each 
square mile of its land surface. On the basis of the reasonably natural 
division of the Western Hemisphere into three portions: namely, that 
portion of North America lying north of Mexico; Central America and 
the Caribbean islands; and South America; it is found that the average 
density of population is highest for the middle one of these divisions 
(Central American and the Caribbean area) with approximately 37 
persons per square mile of land area. Next come the countries north of 
Mexico (the United States and Canada) with approximately 17 persons 
per square mile of land area, on the average. Finally South America, as 
a whole, exhibits the lowest average density, with approximately 12.8 
persons per square mile. 

These are relatively low average population densities for large areas, 
as is readily perceived when they are compared with Europe with an 
average density of 189.5 persons, or Asia with 108.6 persons, per square 
mile, U.S.S.R. territory and population being omitted in both cases. 

In general, and broadly envisaged, relatively low density means from 
the viewpoint of human ecology or social biology, a comparatively 
youthful stage of the population, with the concomitant attributes of 
physical and mental vigor and the hopefulness for the future that goes 
along with these attributes. Low average population density gives 
opportunity for social development and the assurance of security in it, 
because the proportion of the earth from which the good things for 
human living can be produced is still relatively large per unit of popu- 
lation. The struggle for existence is in some respects definitely less 
intense in populations of low average density and in general tends more 
to take the pattern of a continuing effort by man to control and modify 
further the physical environment to his own needs and purposes ; where- 
as in areas of high average population density like Europe and large 
parts of Asia the struggle for existence tends to take on the more sinis- 
ter pattern of bitter and relentless competition between man and man, 
individually and as groups, for the products of the available earth, which 
are in total not great enough in amount to furnish everyone with a com- 
fortable good living. 

All of us in the Western Hemisphere, save parts of the Central 
American and Caribbean area to be discussed further in a moment, are 
still singularly fortunate in this matter of population density, and its 
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social concomitants. Especially is this true of South America, where 
Uruguay, the country of the highest density, has only about 29 persons 
per square mile, on the average, which is approximately still but 68 per- 
cent of the average population density of the United States (42.9 persons 
per square mile), and where Brazil and Argentina, with their enormous 
resources, have respectively only about 13.2 and 11.8 persons per square 
mile, on the average. No country in South America except Uruguay 
has an average population density above 20, and Venezuela, Bolivia, 
and Paraguay have densities of 10 or fewer persons per square mile, 
on the average. 

In Central America and the Caribbean area as a whole the available 
land and the persons occupying it constitute about equal percentages of 
the total land area and total population of the world (as shown clearly in 
Fig. 1), with a resulting average population density of about 37 persons 
per square mile. But within this area there appear to be greater 
variations in average population density than are found anywhere else 
in the Western Hemisphere. The range is from 260 persons per square 
mile in Haiti at one extreme, to 16.9 persons in Honduras at the other. 
Salvador (128.1), Cuba (95.5), the Dominican Republic (83.5), 
Guatemala (71.5), and the various dependencies, colonies, etc. taken 
as a group (178.5), as well as Haiti, have mean population densities 
well above the world average of about 41 persons per square mile. Indeed 
all of the countries just named except Guatemala have population 
densities more than twice as great as the world average. On the other 
hand Mexico, the largest country in this region under discussion, whose 
land area constitutes nearly 71 percent of the total land area in the 
Central American-Caribbean region, has an average population density 
of only a little over 25 persons per square mile. 

The great variation in average density of population shown by the 
countries of the Central American and Caribbean region can, in con- 
siderable part at least, be reasonably accounted for by the different 
degrees of relative diversity in racial composition and in cultural levels 
found within the populations of many of these countries. These racial 
and cultural diversities are reflected in differing reproductive rates, and 
in turn in differing population densities. 


III 


From a strictly biological point of view, that looks upon man for the 
moment solely as an animal species intent upon survival, one of the 
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clearest and least equivocal expressions of innate physical vigor is to be 
found in the comparative levels of population growth rates. Such growth 
rates include, in integrated form, the combined effects of the forces of 
natality and mortality. For when we are presented with a mean annual 
growth rate percent of say 2 for a population over a period of years, 
it means that, on the average, at each recurring New Year’s day during 
the period, after the forces of natality, of mortality, and of migration 
had each done its work, there were 102 persons alive in the population 
for each 100 persons alive on the last preceding New Year’s day, as the 
net resultant of all that had happened in the meantime. 

In the world of the present day biologically vigorous populations tend 
to have relatively high birth rates, primarily because they are vigorous, 
and have age compositions favorable to reproductivity. In contrast 
enfeebled populations lacking in inherent vigor and vitality tend to have 
relatively low birth rates and associated age compositions not favorable 
to reproductivity. In such enfeebled populations of reduced biological 
vigor the over-all death rates for all ages together are generally low, 
primarily because these populations have developed public health and 
sanitary measures to such high points that they are able largely to offset 
and nullify natural selection, and in consequence keep alive to advanced 
ages many persons who would otherwise have been eliminated. Biolog- 
ically vigorous populations also tend to have death rates that are often 
not much, if at all, higher than those characterizing the enfeebled or 
biologically decadent populations. This comes about because of a com- 
bination of two primary reasons. First: the public health efforts and 
effectiveness in virtually all such populations are, and always have been, 
of a relatively low order, with the consequent result that natural biolog- 
ical selection has not been much interfered with. This state of affairs 
has tended, in the passage of long periods of time, to develop stocks of 
considerable natural resistance to disease, especially after infancy where 
most of the selection occurs, because the survivors after early life tend 
to be the biologically fitter and more resistant. The high birth rates of 
these populations give an abundance of material for natural selection to 
work upon during infancy and early life. In the second place the age 
composition of such populations in itself favors relatively low death 
rates after the earlier years of the life span. So the net result is that 
the biologically more vigorous populations tend to exhibit high population 
growth rates percent. 

An example will give a concrete illustration of the points made in the 
preceding paragraph. Table 2 compares two sets of populations, A and 
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B. Six populations are included in each set. Those in the A set are 
primarily characterized by having had, in the period 1920-35, percentage 
population growth rates among the highest in the world for the period. 
In contrast the six populations in the B set had, in the same period, per- 
centage population growth rates among the lowest in the world. The 
data are all from official sources, and are taken from the 1939 issue of 
the Apercu de la Démographie (pp. 159-163) referred to below. 


TABLE 2 


High and low mean annual population growth rates percent analyzed 




















Set A 
MEAN ANNUAL 
POPULATION EXCESS OF BIRTHS 
POPULATIONS GROWTH RATE BIRTH RATE DEATH RATE OVER DEATHS PER 
PERCENT 1936 1936 1000 POPULATION 
1920-35 1936 
Palestine 4-34 44.9 16.1 28.8 
Uruguay 2.58 19.9 9.7 10.2 
Argentina 2.41 24.5 11.9 12.6 
Mexico 1.90 38.9 22.4 16.5 
Porto Rico 1.80 39.2* 17.8* 21.4* 
Bulgaria 1.64 25.6 14.1 IL.§ 
Unweighted averages 2.45 32.17 15.33 16.84 
Ser B 
England and Wales 0.50 148 12.1 2.7 
France 0.48 15.0 15.3 —0.3 
Switzerland 0.46 15.6 11.4 4.2 
Sweden 0.38 14.2 12.0 2.2 
Austria 0.30 13.1 13.2 —0.1 
Scotland 0.11 17.9 13.4 4-5 
Unweighted averages 0.37 15.10 12.90 2.20 





* 1935 rate. 


The unweighted mean annual growth rate percent of the six popula- 
tions of Set A is 2.45, while that for Set B is 0.37. The difference 
between these two averages is 2.08, which is 562 percent of the Set B 
value. This is a huge relative difference. The average birth rate for 
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the Set A populations is similarly 113 percent higher than that for the 
Set B populations. But the average death rate for the Set A populations 
is only 19 percent, or less than a fifth, higher than the Set B average 
death rate. In other words, while the birth rates in the rapidly growing 
populations are enormously higher on the average than those of the 
populations that are scarcely growing at all, the difference in the average 
death rates is not nearly so large. The net result is again a relatively 
enormous superiority of the rapidly growing populations in respect of 
the average excess of births over deaths per 100 of the population. 

The differences in the patterns of the average demographic variables 
for the populations in Set A and Set B of Table 2 are shown graphically 
in Fig. 2. 
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Fic. 2. Bar DraGRAMS SHOWING THE DIFFERENCES IN THE PATTERNS PRESENTED 
BY THE MEAN BirtH Rate, Mean DeatH Rate, AND MEAN EXCEss 
or BirTHS OVER DEATHS PER 1000 POPULATION, IN RAPIDLY 
Growrnc Poputations (A) AND SLowLy GROWING 
Porutations (B) 


Let us now examine some population growth rates for various 
countries in the New World, and compare them with similar rates for 
Old World populations. Unfortunately it is not possible to do this on a 
completely comprehensive scale, because of lack of the necessary 
Statistical data. Such reasonably reliable data as are available for the 
desired comparisons during the present century are assembled in Table 
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3. The basic rates in this table have been drawn from Table D (p. 159) 
of the latest issue (1939) of that most useful publication of the /nstitut 
Internationale de Statistique, the Apergu de la Démographie. 

In Table 3 the population growth rates are assembled in three major 
periods; the first of these, from 1900-10 represents the normal pre-war 
conditions preceding World War I; the second period from 1910 to 1920 
includes the war interval ; and finally the last period 1920-35 represents 


TABLE 3 


Mean annual percentage growth rates for various populations during the 
periods 1900-10, 1910-20, 1920-35 








PERCENTAGE 
MEAN ANNUAL GROWTH Oo” TOTAL 
CONTINENT COUNTRY RATE PERCENT POPULATION 
(or equivalent) — 
OF REGION 


1900-10 1910-20 1920-35  Coverrn 














Canada 2.98 2.00 A ene 
U.S. A. 1.93 1.48 Rae. sate 
Weighted means for 
countries north of 2.01 1.52 1.25 99.7 
Mexico 
Dominican Republic ........ 3.91 ee 
Salvador 2.30 1.79 — 806 ae 
Mexico 109 —0O.5I —_ - «aa 
Porto Rico 1.61 1.60 _ 8 838 
Cuba* 3.36 3.30 7 
Guatemala 1.53 1.13 0 





Weighted means for 
Central Americaand 1.55 0.62 1.88 79.5 
the Caribbean area 

















North America Weighted means 1.91 1.36 1.36 95.3 
Brazil 3.06 2.73 — § Se 
Uruguay 1.92 2.18 ead 
Argentina 3.65 2.82 a 
Colombia** 2.93 2.42 i | ae 
Chile 1.42 1.04 ae 
South America Weighted means 3.01 2.59 2.43 78.9 








Western Hemisphere Weighted means 


1.72 


1.68 
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TABLE 3 (continued) 

















PERCENTAGE 
MEAN ANNUAL GROWTH ensure. 
CONTINENT COUNTRY ATE N 
(or equivalent) 7 premio vpeed os eyeeaty 
OF REGION 
1900-10 1910-20 1920-35 covenan 
Bulgaria*** 1.49 1.05 — amaigamap Ee 
Poland 1.23 —.88 Sime? tas 
Netherlands 1.39 1.45 60° eae 
Greece .70 66 aa 
Roumania 1.51¢ —.06 A eos aihiliiada 
Portugal 86 14 1.21 peed 
Latvia 1.56 —3.56 a 6 60O es 
Spain 69 67 ie 
Finland 1.39 77 , aaa 
Denmark 1.18 1.19 I. ei 
Italy 66 .48 ee 
Hungary 1.06 .48 a 
Czechoslovakia 70 —.00I . aa 
Belgium 1.03 —.02 . ae 
Germany 1.45 64 5 ean 
Norway 66 1.03 . gee? 
England and Wales 1.04 48 eae ee ee 
France 02 —.56 .48 en 
Switzerland 1.25 33 . aa 
Sweden 73 67 . ye 
Austria 1.02 —.26 . 
Scotland 63 25 =: wee 
Northern Ireland II .06 Il eae 
Ireland (Eire) —.30 —.12 — 
Europe Weighted means 0.95 0.22 0.81 04.3 





* First period, 1899-1907; second period, 1907-20. 
** First period, 1905-12; second period, 1912-18; third period, 1918-35. 
*** Population in permanent territory only, not including newly acquired or 
ceded territory. 
+ 1899-1912. 


the 16 immediately post-war years. The countries within each con- 
tinental division of the tables are arranged in descending order of mean 
annual growth rate during the post-war period 1920-35. The group 
means are our own computations and are weighted averages, the weight- 
ing being on the basis of the present populations of the countries. In 
the last column of the table the figures indicate, for the continental 
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divisions, the approximate percentage of the total population of the con- 
tinent included in the growth rate computations. Because of the meag- 
erness of the available data, both absolutely and in proportion to the 
total populations, no attempt is made to discuss the growth rates of the 
populations of any part of the Old World except Europe. 

When these population growth rates are examined the first and per- 
haps the most impressive result that appears is their well-nigh universal 
decline during the present century. Among the twelve countries in the 
New World for which the comparison is possible, there are but three 
(Mexico, Porto Rico, and Uruguay) in which the mean annual growth 
rate percent was not smaller in the 1920-35 post-war period than in the 
1900-10 pre-war period. The average annual growth rates for the con- 
tinental areas as a whole tell the story most clearly. Thus the weighted 
average annual rates for that part of North America lying north of 
Mexico (U. S. A. and Canada) were 2.01 percent for the period 1g00- 
10; 1.52 percent for 1910-20; and 1.25 percent for 1920-35. The cor- 
responding weighted average annual rates for South America (with 
only five countries represented, namely, Brazil, Uruguay, Argentina, 
Colombia, and Chile, but together comprising 78.9 percent of the total 
population of the continent) were for the same periods, 3.01 percent, 
2.59 percent, and 2.43 percent. For the populations of the Western 
Hemisphere as a whole, the weighted average annual growth rate during 
the period 1900-10 was 2.24 percent; for the period 1910-20, 1.72 per- 
cent, and for the period 1920-35, 1.68 percent. Unquestionably popula- 
tion growth has very considerably slowed up in our time in the New 
World. In place of an annual net addition of about 2% persons for 
each 100 living at the beginning of the present century, there is now a 
net annual addition to the population of the New World of only about 
134 persons for each 100 living. 

But, even so, the populations of the New World taken as a whole 
are still growing at a much faster rate than the populations of Europe. 
Data are available for 24 European countries, which together include 
94.3 percent of the total population of that continent. The weighted 
average annual growth rate of these combined populations was only 0.95 
percent in the pre-war period 1900-10. It dropped to the extremely 
low value of 0.22 percent in the period 1910-20, largely, of course, 
because of the effects of the World War I. But for the post-war period 
1920-35 the weighted mean annual growth rate came back only to 0.81 
percent, a figure definitely lower than that prevailing at the beginning of 
the century. It needs no elaborate argument to make it clear that such 
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growth rate figures as these are characteristic of populations with a high 
proportion of old folks in them. Also they are populations in which the 
young are cautious and wary, and rather completely indoctrinated 
with the idea that it is impossible to have many- babies and much fun 
at one and the same time, in a world where the getting of a living at all 
is so difficult and uncertain as it is in Europe with an average of 189.5 
persons for each square mile of land. 

The populations of the Western Hemisphere have a different outlook 
and philosophy, as well as, and partly because of, being younger on the 
average. They can and do look into the future with some degree of 
hopefulness, instead of fear and uncertainty. This reflects itself in the 
population growth rates. At the beginning of the century (1900-10) 
the mean annual growth rate percent for the combined populations of 
the Western Hemisphere, as indicated by a 90 percent sample, was 2.4 
times that for the combined populations of Europe, on the basis of a 
94 percent sample. In the period 1910-20, when Europe was the princi- 
pal battle-field of a warring world, the Western Hemisphere’s population 
growth rate was 7.8 times that of Europe. Finally in the post-war period 
(1920-35) when all mankind hoped and prayed for enduring peace but 
managed in the end to achieve only World War II, the New World’s 
combined population growth rate was 2.1 times that of Europe. 

The comparative average annual growth rates of the combined popu- 
lations of the three divisions of the Western Hemisphere and the average 
growth rate of the combined populations of Europe in the post-war 
period 1920-35 are shown graphically in Fig. 3. In this diagram the 
mean growth rate for the South American populations in Table 3 is 
taken as 100, and the mean growth rates for Central America and the 
Caribbean region, North America north of Mexico, and Europe are 
drawn in proportion. 

While the general picture delineated by Table 3 is of declining rates 
of population growth, there are some exceptions to this rule. It is 
desirable to examine briefly these exceptions. In the New World, 
Mexico exhibited a mean annual growth rate of 1.90 percent in the post- 
war years 1920-35, as against a mean rate of 1.09 percent in the pre-war 
years from 1900 to 1910, after having had a negative mean rate of —0.51 
percent in the period from 1910 to 1920. Similarly Uruguay had a post- 
war mean annual growth rate of 2.58 percent, as compared with a pre- 
war mean rate of 1.92 percent. Porto Rico’s rate went from 1.61 per- 
cent pre-war to 1.80 percent post-war. These cases suggest that in a 
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world of generally declining population growth rates social and political 
changes may still bring about conditions of a sort to be accompanied by 
increases in the rate of growth. “ 
In Europe nine countries out of the 24 for which data are available di 
similarly exhibited higher mean annual growth rates percent in the post- né 
war period, to and including 1935, than in the pre-war period. These of 
are Bulgaria, Poland, Netherlands, Greece, Portugal, Spain, Italy, is 
Czechoslovakia, and France. It is fair to say, on the basis of the histor- st 


ical record, that in nearly every one of these countries the populations 
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after the end of World War I temporarily had what they believed to be 
good reasons to be more hopeful and encouraged about the future than 
they had been for a considerable time before. These reasons differed in 
the several countries. In some they were consequent upon supposedly 
favorable territorial re-adjustments embodied in the Treaty of Versailles. 
In others they followed from internal political developments. But 
however they may have been based the masses of the people in these 
countries were for a time in the post-war years somewhat less chary 
than they had been about increasing the population. The sad thing 
about it all, as is so clearly apparent today, is that what seemed for a 
time to give reasonable grounds for hope and courage regarding the 
future turned out to be only ephemeral. 


IV 


Another constant of demographic statistics may next be considered 
because of the insight it gives as to the capacity for growth and the 
general biological healthiness of a population at a specified time. This 
is the vital index or birth/death ratio. It is most conveniently stated 
in percentage form as 100 times the quotient got by dividing the births 
of a given year in a population by the deaths in the same year in the 
same population. This constant has a further particular advantage in 
a summary examination of the world population situation such as we 
are undertaking here, for the reason that data are available from which 
to compute the vital index at the same time period for many more 
countries than afford statistics for the mean annual growth rate percent, 
or for any other constant that involves a population count. Census counts 
are made at only infrequent intervals—usually only once in 10 years. 
3ut births and deaths are currently registered as they occur in most 
countries that record any demographic statistics at all. 

The primary significance of the vital index in appraising the biological 
status of a population derives from the fact that it tells immediately and 
directly whether the population at the moment is or is not growing by the 
natural process of excess of births over deaths, and indicates the degree 
of such growth or decline. If the vital index is exactly 100 the population 
is in a stationary state. If it is greater than 100 the population is in a 
state of growth by natural processes. If it is less than 100 the population 
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is in a state of decline, which if continued would lead to eventual 
extinction.® 

Table 4 sets forth the mean vital index for some 116 countries of the 
world, or otherwise differentiated subdivisions of the world population, 
over an average period of about seven years between the approximate 
dates of 1927 and 1936. The table contains over a quarter of a billion 
births, and more than 161 million deaths. In other words the sampling 
is of respectable magnitude. In the statements regarding the sources of 
the data comprised in the table, all of which are official, the abbreviation 
Ap. refers to Apercu de la Démographie des divers Pays du Monde 
1929-1936 (La Haye, Office perm. de I’Inst. Int. de Stat., 1939) ; and 
Ann. refers to Annuaire Statistique de la Société des Nations 1938-39 
(Genéve, 1939). In each case the figures following the volume abbre- 
viation are page numbers, except that those enclosed in parentheses 
denote particular years to which the reference applies. Within each 
continental (or equivalent) subdivision of the table the items are 
arranged in descending order of the vital index. 

In the consideration of the vital indices set forth in Table 4 it is 
naturally to be recognized that the completeness of registration of both 
births and deaths varies from country to country, and from population 
to population. Furthermore it is evident that with perfect registration 
the value taken by the vital index will be influenced in some degree by the 
age composition of the population. The critical reader will keep these 
points in mind in interpreting individual items in the table. As an 
extreme example the Dominican Republic, with something of the order 
of 95 percent of its living population aged under 50 years, will be found 
to exhibit a relatively high value of the vital index. On the other hand, 
in the average vital indices for continental subdivisions as wholes, which 
are computed from the sums of the births and deaths respectively and are 
therefore weighted, the intrinsic errors in the individual items will, to a 
considerable extent, tend to offset and balance each other. 

The data of Table 4 tend once more to confirm the impression of 
general biological healthiness of the populations of the New World to 
which we have been led through the examinations that have already 
been made of density and mean annual growth rate percent. Consider 


*For further discussion of the vital index and its properties see Pearl, R., 
Introduction to Medical Biometry and Statistics. Third Edit., Philadelphia (W. 
B. Saunders Co.) 1940; and Sweeney, J. S., The Natural Increase of Mankind. 
Baltimore (Williams and Wilkins Co.) 1926. 
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first the countries or other subdivisions showing values of the vital index 
of 200 or greater—more than two births for every death currently. In 
the Western Hemisphere one or more countries in each of the three 
major sub-divisions exhibit such values. Thus in North America north 
of Mexico, Canada had a mean vital index, over the years 1929-37 in- 
clusive, of 214. In Central America and the Caribbean region eight out 
of the 17 populations tabled fell in this category, namely : the Dominican 
Republic (448), Nicaragua (278), Curacao (251), St. Vincent (235), 
Panama (229), Costa Rica (215), Grenada (201), and Cuba (201). 
Similarly in South America six out of the 11 populations tabled have 
values of the vital index above 200, namely: Brazil (264), Surinam 
(235), Peru (225), Argentina (215), Colombia (210), and Uruguay 
(209). 

In contrast to this situation consider Europe, where, out of 39 popu- 
lations in the table only three have vital indices above 200, namely: the 
very small population of the Faroe Islands (241), the population of 
Netherlands (234), and that of Iceland (213). Similarly out of 17 
Asiatic populations tabled only four show vital indices above 200. These 
are: the European population of Netherlands Indies (256), Palestine 
(exclusive of the nomad population) (220), the European population 
of French Indo-China (210), and Cyprus (207). In Africa the case 
at first glance seems better, since there are 8 populations with vital 
indices over 200 out of 15 tabled. But all but one of these 8 are so small 
as to be of relatively little significance quantitatively in a general 
appraisal. They are the white populations of Southwest Africa (374), 
French Morocco (271), South Africa (254), Northern Rhodesia (243), 
Mozambique (242), and the Belgian Congo (237) ; and in addition the 
small populations of St. Helena island (257) and Seychelles (217). 

In respect of the average values of the vital index Oceania stands 
somewhat in a class by itself, just as was the case relative to density. 
Seven out of the 12 populations tabled have values of the index above 
200. These are: Tonga (278), Hawaii (268), Western Samoa (243), 
the Maoris of New Zealand (236), Fiji Islands (215), Cook Islands 
etc. (214), and the white population of New Zealand (203). Except 
for the last these are all relatively small populations, of no great signi-- 
ficance for the total. 

Turning next to means for continental areas we find average values 
of the vital index of 207 for South America as a whole, as indicated by 
the present sample; of 178 for Central America and the Caribbean 
region together ; and of 160 for North America north of Mexico. These 
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data lead to an average vital index for the whole Western Hemisphere 
of 175.72, with a standard error of 0.05. The average vital index for 
Europe is 151; for Asia (as sampled) 152; and for Africa (as sampled) 
162. These lead in turn to a grand average for the Eastern Hemisphere 
of 152.38, with a standard error of 0.02. So then we find the New 
World population showing, as roughly of the present time, an average 
vital index 23.34 + .054 points higher than that of the population of the 
Old World, a difference more than 400 times its standard error. There 
would seem to be little doubt about the reality of the greater average 
magnitude of the vital index, with its implications of superior vigor in 
the biological sense, among the populations of the New World. 

Before leaving the subject it is desirable to examine in greater detail 
the distribution of variation shown by the vital indices set forth in Table 
4. Since an appraisal of the normal variation in this characteristic of 
populations is the objective it will be well to eliminate certain of the out- 
lying records. Even though they are official they probably cannot be re- 
garded as typical or truly representative for one reason or another. Thus 
in the New World the vital index for the Dominican Republic will be 
omitted in the following analysis. It is based on the returns for two 


TABLE 5 


Decile distributions of the vital indices of Table 4 
(Certain populations omitted as stated in text.) 











DECILES WESTERN EASTERN 
OF RANGE OF LIMITS OF HEMISPHERE HEMISPHERE WORLD 
VARIATION DECILES 
IN VITAL OF RANGE Percent Cum. Percent Cum. Percent Cum. 
INDEX freq. freq. freq. 
I 103.88—121.25 ean elie 10.61 10.61 6.36 6.36 
II 121.26—138.63 6.25 6.25 15.15 25.76 10.91 17.27 
III 138.64—156.01 15.63 21.88 15.15 40.91 14.55 31.82 
IV 156.02—173.39 12.50 34.38 21.21 62.12 17.27 49.09 
Vv 173-40—190.77 1875 53.13 1364 75.76 15.45 64.54 
VI 190.78—208.14 9.38 62.51 4.55 80.31 7.27 71.81 


VII 208.15—225.52 18.75 81.26 6.06 86.37 10.91 82.72 
Vill 225.53—242.90 9.38 90.64 7:57 93-94 818 90.90 
IX 242.91—260.28 3-13. 93.77 4-55 98.49 4-55 95-45 
x 260.29—277.67 6.25 100.02 1.52 100.01 4.55 100.00 
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years only, and its value (448.14) is far out of line with the rest of 
Table 4. This leaves 32 items in the Western Hemisphere list. Simi- 
larly in Europe it seems wise to omit from the analysis the figure for the 
Isle of Man (85.77), where the population cannot be regarded as normal 
in respect of age composition or deaths; and that for Vatican City, 
where the reproducing portion of the population is small, and its com- 
position generally is not normal. In the case of Asia the figure for 
Hongkong is plainly aberrant, and the population can scarcely be re- 
garded as normally distributed. In Africa it seems advisable to omit 
for similar reasons the figure for the European part of the population 
of Southwest Africa at one extreme, and that for Sierra Leone at the 
other. The omission of these 5 items leaves a total of 66 for the 
Eastern Hemisphere. 

Table 5 presents the relative or percentage frequency of occurrence 
of vital indices falling within each decile (10 percent) of the total range 
of variation in this character over the world (as sampled in Table 4 
with the above-mentioned omissions). 

From Table 5 it is seen that while only 6.25 percent of the Western 
Hemisphere populations have mean vital indices lower than 138.6, the 
Eastern Hemisphere has more than a quarter (25.76 percent) of its pop- 
ulation in this condition. The mid-point of the world range of variation 
in the vital index is at a value of 190.78. In the Western Hemisphere 
approximately 53 percent of the populations as sampled fall below this 
value and 47 percent above it. In contrast about 76 percent of the pop- 
ulations of the Eastern Hemisphere have mean vital indices below this 
middle value, and only about 24 percent above it. 

The decile distributions of the mean vital indices from Table 4, with 
already indicated omissions, are shown graphically in Fig. 4. In this 
diagram the smooth curve is the graph of a normal curve symmetrically 
placed on the total world range of variation in the vital index. 

It will be noted from Fig. 4 that the polygon for the Western Hemis- 
phere covers practically the whole range of variation quite symmetric- 
ally, but is markedly platykurtic as compared with a normal curve. The 
polygon for the Eastern Hemisphere is, in contrast, markedly asym- 
metrical, with a preponderance of frequency in the lower half of the 
range. 

Since the mean annual growth rate percent of a population measures 
the over-all growth rate per year including the effects of migration, and 
the vital index measures the integrated effect of the two major variables 
concerned in the natural biological growth of a population, there should 
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Fic. 4. Frequency Porycons on a Dectte Base SHOWING THE DISTRIBUTION 
OF VARIATION IN THE MEAN (1920-36) ViTaL INpbICES For (a) THE 
PoPpULATIONS OF THE WESTERN HEMISPHERE (SoLip LINE), AND 
(b) THose or THE EASTERN HEMISPHERE (DasuH LINE) 


The smooth curve is a normal curve symmetrically placed on the total world 
range of variation in this characteristic. 
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in general be a close relationship between the values of these two indices, 
So in fact there is, as is shown by the following tabulation, in which 
mean annual growth rates percent for the period 1920-35 (taken from 
Table 3) are set against (Vital Index—100)/100, the vital index values 
being taken from Table 4. This function of the vital index is taken 
instead of the absolute value of that constant for two reasons; first to 
eliminate the effect of merely balanced births and deaths, and second to 
put the numerical values more nearly in scale with the growth rate 
figures. 








Range of values Number of 
of mean annual countries Means of Means of 
growth rate having the percentage (Vital Index — 100)/t100 
percent indicated growth rates for the same couniries 
1920-35 growth rates 
2.00 and over 6 2.54 1.55 
1.50-1.99 6 1.69 .gI 
1.00-1.49 8 1.28 70 
.50-.99 10 74 48 
Under .50 6 31 25 
Total and averages 36 1.247 0.741 


If the same relationship is assumed to hold between the means of 
each sub-range of mean annual growth rate percent, and the correspond- 
ing mean of the vital index function, that holds for the average values 
of these two variables over their entire ranges we then have: 


Mean annual growth rate percent 2.00and 1.50-1.99 1.00-1.49 .50-.99 Under 
over .50 
Expected means of ( Vital Index—100)/100 1.51 1.00 0.76 0.44 0.16 
Observed means of (Vital Index—100)/100 1.55 0.91 0.70 0.48 0.25 


The general parallelism in the distribution of the two variables is 
evident. 


V 


The age composition of a population is plainly one of its most impor- 
tant attributes. It vitally affects not only its aggregate reproductivity 
and morbidity and mortality, but also its mass outlook on life and its 
psychology generally. Populations containing a relatively high propor- 
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tion of young people are apt to display progressive and hopeful attitudes 
generally, and to be aggressive in social and economic pioneering. On 
the other hand populations with a high proportion of old folks tend 
towards attitudes of disillusionment, reaction, and hopelessness about 
the future of an obviously imperfect world. The individual human 
life cycle falls into three phases, the pre-reproductive, the reproductive, 
and the post-reproductive. The first of these is primarily the phase of 
infancy, growth, and maturation generally, which ends with puberty and 
corresponds roughly in its biological implications to the larval and pupal 
periods of an insect’s life. The second, or reproductive, phase in the 
human life cycle is the phase of full, mature, adult vigor. It is the 
climax period of man’s life. Finally the post-reproductive phase, whose 
beginning is sharply marked in the female by the menopause, is the 
period of senescence and gradually waning powers, mental as well as 
physical. 

For statistical purposes the age limits of these three phases of the 
individual life cycle may be taken, with sufficient accuracy and great 
convenience, as from 0 (birth) to 14 years inclusive for the pre-repro- 
ductive phase ; from 15 to 49 years inclusive for the reproductive phase; 
and from 50 years on to the end of the life span for the post-reproduc- 
tive phase.* 

In Table 6 are assembled such recent data as it has been possible to 
collect from official sources for different countries, regarding the age 
distributions of the populations of the world, classified according to 
this three-fold division. Unfortunately the representation of countries 
in this Table 6 is all too meager. This arises from lack of the 
necessary data. It is to be hoped and expected that after the censuses 
clustering around the years 1940 and 1941 have been taken, and their 
results compiled, it will be possible to make a much more adequate and 
comprehensively representative table like Table 6 than can be done now. 

Because of the sparse and irregular representation of countries in 
Table 6 for all parts of the world except Europe, it seems advisable to 
use unweighted averages for continental (or equivalent) areas in that 
table. If the age percentages were to be weighted with total population 
size undue influence would be given to the age condition of the popula- 
tion in one or two countries alone in some of the continents. 


*, or i more extended discussion of this age division of human life, and some 
of its implications, see Pearl, R., The Aging of Populations, Jour. Amer. Stat. 
Assoc., Vol. 35, pp. 277-207, 1940. 
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TABLE 6 
Percentages of persons in the pre-reproductive (0-14 yrs.), reproductive 


(15-49 yrs.) and post-reproductive (50+- yrs.) phases of the life 
cycle, in various populations of the world 

















PERCENTAGE OF _ 
YEAR POPULATION AGED 
CONTINENT COUNTRY OF 
CENSUS 0-14 15-49 Soand 
yrs. yrs. over yrs. 
Canada 1931 31.7 51.7 16.6 
U. BA. 1930 29.4 53-5 17.1 
Unweighted average 
for North America 1930.5 30.6 52.6 16.8 
north of Mexico 
Dominican Republic 1920 ©6463 48.8*** 4.9*** 
Honduras 1935 41.9 48.1 9.8 
Porto Rico 1935 41.2 49.2* 9.5* 
Guatemala 1921 39.8 50.87 9.4 
Mexico 1930 39.2 50.2 10.6 
Cuba** 1931 38.0 52.2 9.8 





Unweighted average for 
Central America and 1928.7. 41.1 49.9 9.0 
the Caribbean area 























North America Unweighted averages 1929.1 384 50.6 11.0 Eur 
Brazil 1920 42.7 48.3 8.9 
Argentina 1914 38.4 52.4 9.2 
Chile 1930 37.2 51.2 11.5 

South America Unweighted averages 1921.3 30.4 50.6 10.0 

Western Hemisphere Unweighted averages 1927.0 39.0 50.6 10.4 Asis 
Bulgaria 1934 35.6 49.2 15.2 Se 
Roumania 1930 34-7 51.9 13.4 
Yugoslavia 1931 34.6 49.9 15.4 
Poland 1931 33-4 51.8 14.8 
Spain 1920 32.3 49.6 18.1 
Greece 1928 32.2 51.0 16.8 ; 
Portugal (inc. Azores and Afri 


Madeira) 1930 32.0 49.9 18.1 US. 
Lithuania (exc. Klujpeda) 1923 308 50.9 18.2 an 
Netherlands 1930 30.6 51.2 18.1 East 
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PERCENTAGE OF 
YEAR POPULATION AGED 
CONTINENT COUNTRY OF 
census 214 15-49 50 and 
yrs. yrs. over yrs. 
Italy 1936 30.6 49.6 19.8 
Finland 1930 29.2 52.9 18.0 
Northern Ireland 1926 29.0 499 21.1 
Norway 1930 28.4 51.2 20.3 
Ireland (Eire) 1936 27.6 48.3 24.1 
Hungary (post-war terr.) 1930 27.5 54.1 18.3 
Scotland 1931 26.9 51.3 21.7 
Czechoslovakia 1930 26.3 54.4 19.4 
Danzig 1929 26.1 55.3 18.5 
Denmark 1935 25.3 53.6 21.1 
Latvia 1935 248 505 24.7 
Luxembourg 1935 24.6 53-7 21.7 
Switzerland 1930 24.5 54.0 21.2 
Germany (exc. Saar Terr.) 1933 24.2 54.0 218 
England and Wales 1931 23.8 53-4 228 
Austria 1934 23.6 52.7 23.7 
Estonia 1934 23.3 52.5 24.2 
Belgium 1930 22.9 54.2 22.9 
France 1931 22.9 51.4 25.7 
Sweden 1935 22.2 54.4 23.4 
Europe Unweighted averages 1931.0 27.9 52.0 20.1 
Turkey 1935 41.3 45-5 13.2 
India (inc. Burma) 1931 39.9 50.4 9.7 
Palestine (exc. Beduins) 1931 39.3 478 12.8 
Japan 1935 369 479 15.2 
British Malaya 1931 31.4 50.2 9.3 
Asia Unweighted averages 1932.6 37.8 50.2 12.0 
Algeria IQII 39.7 48.9 11.4 
Egypt (exc. Beduins) 1927 38.5 48.9 12.5 
Mauritius 1931 37.2 50.4 12.4 
Tunis (Europ. only) 1936 32.1 51.7 16.2 
Union of South Africa 
(whites only) 1936 31.2 52.5 16.3 
Africa Unweighted averages 1928.2 35.7 50.5 13.8 
ae Tt Unweighted averages 1926 37.2 498 13.1 
Eastern Hemisphere Unweighted averages 1930.7 30.4 51.5 18.1 
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TABLE 6 (continued) 





PERCENTAGE OF 
YEAR POPULATION AGED 


CONTINENT COUNTRY OF 
census 14 15-49 50and 
yrs. yrs. Over yrs. 








New Zealand (exc. Maoris) 1936 25.5 52.7 21.8 
Australia 1933 25.1 54.0 20.9 





Oceania Unweighted averages 1934.5 25.3 53-4 21.4 





WORLD SUMMARY 








Western Hemisphere Unweighted averages 1927.0 39.0 50.6 10.4 
Eastern Hemisphere Unweighted averages 1930.7 30.4 51.5 18.1 
Oceania Unweighted averages 1934.5 25.3 53-4 21.4 
The World Unweighted averages 1930.1 31.9 51.4 16.7 





* Derived from estimated allocations to age periods 45-49 and 50-54 years; 
data official except for these allocations. 
** Estimated allocations for ages 15-20, 49-50, and 50-51 years. 
*** Estimated allocations for overlapping 10 years of these two periods. 
+ Allocation for age 14.0-14.9 years estimated. 


In Table 6 the individual items within each continental area are 
arranged in descending order of the percentage of persons in the living 
population falling in the pre-reproductive (0-14 yrs.) phase of the life 
cycle. 

In view of the meagerness of the material already noted it will not be 
profitable to discuss particularly anything more than the average age 
distributions for continents (or equivalent areas). Considering first 
the New World we find that the average age-phase pattern for Central 
America and the Caribbean region (represented by the six countries 
Dominican Republic, Honduras, Porto Rico, Guatemala, Mexico, and 
Cuba) has 41.1 percent of the population in the pre-reproductive phase 
(0-14) and only 9 percent in the post-reproductive phase from 50 years 
on; 49.9 percent being left in the reproductive phase. South America 
(as represented by Brazil, Argentina, and Chile) has an average popu- 
lation distribution by age not very different from that for the Central 
American-Caribbean region. The South American percentage for the 
pre-reproductive phase of the life cycle is a little lower (39.4 as against 
41.1); and the percentage for the post-reproductive phase is a little 
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higher (10 percent instead of 9); but these are plainly not important, 
or even probably significant differences. The proportion of the popula- 
tion in the reproductive phase is, as usual, about the same, being 50.6 
percent for South America as against 49.9 percent for Central America 
and the Caribbean area. 

The third of our divisions of the New World (North America north 
of Mexico) shows a quite different picture in the matter of the age 
distribution of its living population. In this part of the world there are 
found only 30.6 percent in the pre-reproductive phase of life, as against 
the roughly 40 percent in the more southerly parts of this hemisphere. 
And correspondingly the northern populations under discussion have 
in the aggregate 16.8 percent in the post-reproductive phase as compared 
with the averages of 9 or 10 percent farther south. In short the popula- 
tions north of Mexico are in the aggregate composed of older people, 
on the average, than the other and more southerly dwelling populations 
of this hemisphere. 

If now we combine into one set of average figures all the populations 
of the Western Hemisphere as a whole, on the basis of the available 
samples, the unweighted average percentages show 39.0 percent of the 
people to be in the pre-reproductive phase ; 50.6 percent in the reproduc- 
tive phase, and 10.4 percent in the post-reproductive phase. 

How comparatively healthy a state these percentages indicate the 
aggregate populations of the New World to be in as regards age distribu- 
tion can only be fully and adequately realized by comparing them with 
corresponding figures for the rest of the world, continent by continent. 
Twenty-nine countries in Europe, as of average date 1931, had only 27.9 
percent of their aggregate populations in the pre-reproductive phase of 
life, and 20.1 percent, or approximately one-fifth in the post-reproductive 
phase 50 years old or more. These are very different figures indeed from 
the corresponding 39 and 10.4 percent of the New World. The figures 
for Asia and Africa (as here sampled) are nearer than those of Europe 
to ours, but the differences are in the same direction as those between our 
aggregate populations and those of Europe. If averages be taken of all 
the available data for the Eastern Hemisphere, again as of average date 
of approximately 1931, it is found that the percentage in the pre-repro- 
ductive phase (0-14 years) is 30.4 and that for the post-reproductive 
phase is 18.1. For Oceania (represented by Australia and New Zealand) 
the corresponding percentages are 25.3 and 21.4 respectively. 

So, to sum up the whole matter, it appears that the populations of the 
Western Hemisphere have, on the basis of averages of the available data, 
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a more favorable age distribution of the people for the production of 
goods for living and wealth; for further growth; for a progressive and 
hopeful outlook on life and its problems; and for health, than do the 
aggregate populations of either the Eastern Hemisphere or Oceania. 
It must be again emphasized that this conclusion is based upon statisti- 
cally not entirely satisfactory samples for Asia, Africa, and South 
America, but, even so, the populations of the countries included in Table 
6 make up something approaching 60 percent of the estimated total popu- 
lation of the world, and about 75 percent of the world population if 
China is left out of the reckoning. It is not probable that the main 
conclusion reached as to the comparative age distributions of the popu- 
lations of the two hemispheres and Oceania would be essentially altered 
if the sampling were more complete. 


VI 


Naturally and obviously the racial composition of human populations 
is a matter of great intrinsic interest. Unfortunately, however, this is 
a matter so beset with inherent difficulties as to make anything like 
precise and accurate scientific discussion of it impossible. A broad, 
general, and consequently inexact, appraisal of the racial composition of 
a population is all that can be practically achieved even in the best case. 
And in all too many cases even so much is impossible because even the 
vaguest semblance of quantitative information is not available. 

The genetic concept of race, in a strict sense, is a precise and definite 
one. Genetically a race is a group of individuals of common biological 
descent all substantially similar in their genetic constitutions or patterns, 
and therefore constituting a genetically homogeneous group, in greater 
or smaller degree different from any and all other similar groups. In 
this strict biological sense there exist today few if any pure races of 
human beings. During man’s long existence as a distinct, and single, 
species there has been a manifold, widely extended, and now inextricable 
mixing of human germ plasms.° Furthermore the impossibility of con- 
trolled breeding experiments with man on an adequate scale leaves no 
presently known technique for determining precisely and comprehen- 
sively the genetic constitution of any human being. A major consequence 
of this situation is that anthropologists, sociologists, demographers, and 


*For a recent discussion of this matter see Pearl, R., and Celeste Franklin. 
Jewish and Christian intermarriages in Budapest: A footnote to recent social 
history. Bull. of the History of Med., Vol. 8, pp. 497-508, 1940. 
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particularly statesmen in recent times have substituted for the genetic 
concept of race a wide variety of biologically inadequate, often vague, 
and sometimes vicious concepts or definitions of race. Operating with 
such imperfect concepts the way has been opened for compounding con- 
fusion and for implementing “value” or “quality” judgments that really 
demonstrate nothing more than the fundamental inhumanity of man. 

Another difficulty in dealing with the racial composition of popula- 
tions, apart from the lack of precisely defined and uniformly accepted 
standards as to what shall be regarded as a race, is the meagerness of 
statistical information as to even the simplest of observable human 
somatic differentiations. Some countries make no attempt to collect 
and tabulate information relative to color. Among those that do the 
categories are so broad as to have little biological meaning. National 
pride and prejudice further complicate the matter. The same identical 
mixture of Negro and white stocks in an individual would lead to his 
classification as “white” in some countries and as “Negro” or “colored” 
in others. Many a Hindu of purest Aryan ancestry has a blacker skin 
than thousands of American Negroes. 

In spite of these and other difficulties it seems perhaps advisable to 
make some attempt at a tentative and extremely provisional appraisal of 
the “racial” composition, in the currently vague and inadequate sense 
of the words, of the major populations of the Western Hemisphere. 
It is clearly to be understood that Table 7 presented below has extremely 
little, if any, true scientific validity. It merely puts together such alleged 
information on the matter as the writer has been able to collect from a 
wide variety of sources. When the figures in the table carry decimals 
they are based upon official census data. But even this fact does na 
make them scientifically valid in any biological sense, because of the 
difficulties about definition and classification already discussed. They 
merely indicate what was officially said about the situation. In mos 
cases the figures set down :n Table 7 represent an attemped synthesis o: 
various estimates about matters regarding which there is no precise 
statistical information. And it must again be emphasized that national 
habits and attitudes would place the same identical individual in the 
category of “whites” in some of the countries included in the table; in 
the category “mixed” in other countries; and in the category “Negro” 
or “Indian” in still others. Realistically each figure in Table 7 should 
be read in the following way: “Percentage of the population estimated 
to fall in the alleged category”. In the case of the majority of the 22 
populations included in the table, sources put forward as authoritative 
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TABLE 7 


Rough and tentative estimates of the “racial” composition of 22 
populations of the Western Hemisphere 








Piers tes f INDIANS 

( ae Of (Indigenous MIXED NEGROES OTHER 
POPULATION pure European tives) 

descent) 
Argentina 98 I “Practically ? ? 
none” 
Canada 97.9° 1 * alg 0.2" 0.7* 
Uruguay 95" ? ; ? ? ? 
U. &. A. 88.7 0.3° ~* 9.77 1.4° 
Costa Rica “Overwhelming 0.6 ? 3 ? 
bulk of pop.”™ 
Cuba 63° ~ - 28" o* 
Brazil” 44 9 32 15 ? 
Chile 35 2 60 ? 
Colombia” 25 9 50" 16% ? 
Panama™ 16.9 9.2 53-4 14.9 5.6" 
Mexico 14.8 27.9 54.6 ? 1.8" 
Bolivia 13 52 28 “s a 
Ecuador 10 30” 41 5 5 
Venezuela” 10 3 70 ? 7” 
Salvador” 10 40 50" “Very few” ? 
Peru” 10 58 28 2 * 
Paraguay” 5-10(?) “Great oa “Practically ? 
majority” none” 
Nicaragua” 5 5 83 7 ? 
Guatemala” 5s—" 60 s 5+" ? 
Honduras” 3 4 90** 2 ? 
Haiti 0.1 ? “Great “Majority” ? 
number” 
Dominican ? ? “Mass of ? ? 
Republic population’” 





*The number of persons classified as Negroes who are of pure, unmixed 
African Negro “blood” is probably now very small. Most of them carry ad- 
mixtures in various degrees of white, Indian, and other stocks. It is quite im- 
possible, however, to make any precise numerical estimates on the point. 

* The persons classified as Indians include so-called “half-breeds”, and various 
other admixtures of Indian, white, Negro, and other stocks. 
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differ among themselves, and sometimes widely, as to the proportions in 
the five listed “racial” categories. The writer has endeavored to set down 
in each case an estimate that seemed to him to have, on the whole, the 
best evidence in its favor. But no one realizes better than he that his 
judgment may have been at fault. 

The populations in Table 7 are arranged in descending order of 
estimated percentages of alleged whites (i. e. persons supposedly des- 
cended from white European (Caucasian) stocks, unmixed with others). 

With all of its already emphasized imperfections Table 7 makes it 
abundantly clear that the populations of the Western Hemisphere vary 


*Includes 27,476 “various”, and 8,898 “unspecified”. 

*Indians and Eskimos together. 

* Chinese and Japanese together. 

* Chiefly Chinese and Japanese. 

*™Ladinos and Mestizos. 

* Native white. 

* Mixture of Negro, European, and Indian stocks. 

Includes 140,094 “of unknown racial origin”, and 159,876 “foreigners”. 

“Exclusive of the Canal Zone. 

* Including 4,138 Orientals. 

“Figures represent only rough approximations. 

“ Chiefly intermixtures of Spanish and Indian stocks. 

* The 1939 Britannica Book of the Year states (p.705) that the population of 
Uruguay has “a greater percentage of whites than in any American country 
except Argentina and Canada.” Personal communications to the writer from 
leading South American statisticians tend to confirm this view. 

% Figures are estimates based on information from various sources. 

* Chiefly mixtures of Spanish and Indian stocks. 

* Including mixtures of Negro with other stocks. 

* Including lowland Indians. 

» “Foreigners”. 

™ Chiefly Asiatics. 

™ Negro and mixtures of Negro and white stocks together. 

* Foreign-born whites and Chinese. 

™ Alleged to be of pure Spanish descent. The anthropologist and geneticist 
will have a certain degree of critical skepticism about the “purity”. 

* Includes something of the order of 10,000 to 12,000 Europeans and Americans. 

* Indian and white mixtures. 

* Includes Indian-Negro mixtures. 

* All others besides the three groups specified. 

* Descendants of Guarani Indians, pure and with varying degrees of admixture 
of Spanish stock. 

” Negroes and resident foreigners. 
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greatly among themselves in “racial” composition. The proportion of 
whites ranges from nearly 100 percent to nearly zero, and this on the 
basis of permitting each population to make its own definition of a white 
person. If the percentages of whites set down in the table are applied 
to the present (estimated) populations of the 22 countries to determine 
the total present proportion of alleged whites it works out that in all 
the American republics (+ Canada) taken together just under 65 per- 
cent of the combined total population is classified or regarded as white 
without other racial admixture. For Canada and U. S. A. together 
(North America north of Mexico) the percentage is about 89. For 
South America it is about 44 percent, and for the Central American 
and Caribbean republics together it is about 18 percent. In the nature 
of the case these percentages can only be regarded as rough approxima- 
tions. 

It involves neither sentiments nor moral judgments to say that the 
obvious, if unmeasured, genetic heterogeneity of the aggregate popula- 
tions of the Western Hemisphere is a factor of primary importance in 
the future political and social, as well as the purely biological, evolution 
of mankind in this Hemisphere. Biologically the trend here as elsewhere 
is ever more and more towards the gradual but steady obliteration of 
existing genetic heterogeneity, through the action of inter-breeding of 
stocks. But progression towards homogeneity in social and political 
attitudes and behavior does not necessarily proceed at the same rate or 
even in the same direction as progression towards purely biological 
homogeneity over the same time periods. 


VII 


There are six attributes of populations that are generally regarded as 
of primary importance. These are: (1) the density of aggregation per 
unit of land area; (2) the net over-all percentage rate of growth per unit 
of time; (3) the natural rate of increase by excess of births over 
deaths ; (4) the age composition; (5) the “racial” composition; and (6) 
the so-called “quality”, as variously appraised through what the psycho- 
logists test under the designation “intelligence”, or in other ways, or 
by sundry economic criteria, or finally by some overt or concealed com- 
bination of these characteristics. In this paper the populations of the 
Western Hemisphere in comparison with those of the rest of the world 
have been examined as comprehensively as the available data permit 





a - - -— — -—- OD es TH HH 


oi 


a x Ff )hUhT FOO Oe ielC MF MUlc(i<i rh **—C<i< rKtlC TrTrTlC(<iC WhH!/YsSOF Or. hCU 


iti pie eeelUlUDMttlCKeeOCMmeelCeetllllCMr,DlCelC lOO 








NEW WORLD POPULATIONS 401 


relative to the first five of these significant attributes, even though in an 
all too cursory manner because of limitations of time and space. 
Regarding the sixth, or so-called “quality” attribute, nothing has been 
said. This omission is deliberate, and not merely from lack of time or 
space. The “quality” of any population, in the sense that the expression 
is customarily used, has yet to be accurately measured or scientifically 
and objectively appraised. Its discussion always tends to become infected 
in some degree with the horrid blight of prejudice; the prejudice of 
race, or of class, or of the individual. In its study objective differences 
between individuals tend to become translated into abstractions, that are 
then arranged in a scale labeled “inferior” at one end and “superior” at 
the other with either no, or extremely dubious, scientific justification. 
The examination of the four principal attributes of populations that 
can be objectively measured leads in each case to the same conclusion. 
That conclusion is that the populations of the Western Hemisphere are 
at the present moment in a relatively much more favorable position 
biologically and demographically than are those of the Eastern Hemi- 
sphere. We still appear to have a population future before us that is 
comparatively rich in those elements that make for hopefulness, good 
cheer, and a soundly grounded optimism. It is true that the marked 
secular slowing in the rate of growth of some of our populations, partic- 
ularly that of the U. S. A. (with a consequent increase in the burden 
on the social structure to care for the large and growing number of old 
folks in the post-reproductive phase of the life cycle) is a source of 
serious concern to students of population and of statecraft. But in 
comparison with the state of affairs in the Old World, this problem, 
even in the U. S. A., has still a considerable way to go before it becomes 
as serious as it is in Europe and other parts of the Eastern Hemisphere. 
The fundamental problem facing the populations in the Western World 
is the question of what they are going to make of the future that lies be- 
fore them. Especially is this true of South America and the continental 
part of Central America. Sound population policies, scientifically con- 
ceived and administered, could preserve for a considerable time that 
reasonably comfortable relationship or proportion between the numbers 
of the people and the area of the good earth on which they live, upon 
which prosperity and happiness finally depend. Will such policies pre- 
vail? It needs no great prophet to foresee that after the present war is 
ended there will be such pressure on the peoples of the Western Hemi- 
sphere as has never before been exerted to take in migrants from the Old 
World, and share with them the acres that are still so sparsely populated 
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relatively. To do this will make a strong appeal to sentimentalists. 
There is truly a lot of difference between living where there are 57 per- 
sons for every square mile of land, on the average, which is the state of 
our fellow-men in the Eastern Hemisphere as a whole, and living in a 
situation where there are only 16.5 persons to the square mile, which is 
about the status of all the Americas today, as a total aggregate average. 
But it is as certain as the march of the planets in their courses that if 
the gates to the Americas should be thrown wide open it would be but a 
comparatively short time, in terms of human history, until the average 
population density of our Hemisphere would be as great as that of the 
Old World is today. For many of the populations in this Hemisphere 
are still growing by natural increase apart from immigration at rates high 
enough to produce large changes in total population in a comparatively 
short span of years. In the years between 1920 and 1935 the populations 
of the whole Western Hemisphere (on the basis of a 90 percent sample) 
exhibited a net over-all average annual growth rate percent of 1.68—a 
rate that if continued without any increase whatsoever in the present 
net immigration rates would lead to a doubling of the population in the 
comparatively brief period of 41.6 years—not much more than the aver- 
age interval of a single generation. The aggregate population of South 
America, as judged by an 80 percent sample, grew between 1920 and 
1935 at a rate that, if continued, would double the total population of 
that continent in just under 29 years. 

The prevailing opinion is that present population growth rates will 
not be maintained, but will continue to decline. There appears to be 
sound evidence in support of this view so far as concerns world popula- 
tion as a whole. But in local areas, even up to the size of continents, 
alterations in the general social and economic picture either outside or 
inside of such areas could rather quickly change this trend, especially if 
coupled with completely untrammeled freedom of migration. 

The general appraisal of the present population situation of the New 
World, both as such and in relation to the rest of the world, that has 
been presented is obviously imperfect, but it has been at least detached 
and dispassionate. One clear moral that not only can be, but in the 
writer’s opinion must be, drawn from it, is that the immediate establish- 
ment of national population policies soundly grounded scientifically is 
an imperative obligation upon the peoples of the Americas. If this 
obligation is avoided, or long postponed, the consequences of such neglect 
are certain to be painful, and perhaps irremediable. 
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ANCESTRAL LONGEVITY AND THE SEX 
RATIO OF THE DESCENDANTS’ 


BY PHILIP S. LAWRENCE 








AIHE present study seeks first to answer the following ques- 
i) tion: Do the children and grandchildren of longevous 

| progenitors exhibit, on the average, a higher male sex 
=] ratio than the children and grandchildren of progenitors 
dying at relatively young or average ages? The sex ratio has long 
been a subject of investigation but its relationship to the longevity 
of the parents has never before been demonstrated. The literature on 
the sex ratio, and particularly as it may have bearing upon the present 
problem, has recently been reviewed * and need not be further discussed 
here. 





MATERIAL AND METHODS 


The data for this study were extracted from Family History Rec- 
ords in the Department of Biology of the School of Hygiene and Public 
Health, Johns Hopkins University.* These histories included only 
white families, homogeneous in social and economic status. Nearly 
all resided in Baltimore, Maryland. Included in the data were all of 
those families, and only those families which fulfilled the following 
conditions : 

1. The grandfather, grandmother, or both must have been dead at 
known age at the time of record. 


*From the Department of Biology of the School of Hygiene and Public 
Health, Johns Hopkins University. 

I am greatly indebted to Dr. Raymond Pearl for his encouragement and 
helpful criticism throughout the preparation of this paper. 

*Lawrence, P. S. The sex ratio, fertility, and ancestral longevity. Quart. 
Rev. Biol., (in press). 

*For a complete description of these Family History Records see Pearl, R. 
L’organization et le travail de la Section de Biologie a I’Ecole d’Hygiéne et de 
Santé Publique de l'Université Johns Hopkins. Biotypologie, T. 2, pp. 105-122, 
1934. 
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2. The record of the reproduction of these grandparents must have 
been a completed record. Similarly the record for each of their children 
must have been a completed record. That is it was certain that all of 
the offspring that were to be produced in the first and second genera- 
tions had already been produced, due to death or cessation of reproduc- 
tive activity of the parents. 


3. The sex of every descendant in the F, and F, generation of each 
grandparent must have been known and recorded. 

Stillbirths and abortions as well as live births were included inso- 
far as their sex had been determined. 

Computations of the mean sex ratios and other statistical con- 
stants relating to the sex ratios were based on the absolute numbers of 
individuals in the investigation. The sex ratios are given as the per- 
centage of males in the total experience, a method of expression which 
has, in recent years, come to be used more frequently than the num- 
ber of males per hundred females. In each case the measure of varia- 
tion is the probable error, and is computed from the formula 


67449 S where p is the proportion of males, g is the proportion 


of females, and m is the total absolute number of individuals in the 
experience. The mean fertilities with their probable errors were cal- 
culated from frequency distributions. A deviation between two means 
is considered as quite probably statistically significant, or not likely to 
have arisen from chance alone, if this difference is three or more times 
its probable error. The probable occurrence in 100 trials of a devia- 
tion as great as or greater than any described is 4.30 for a deviation 
which is 3 times its probable error, and decreases rapidly for critical 
values of greater than 3. 


SEX RATIO AND LONGEVITY IN MAN 


It will be seen from Tables 1 and 2 that the 1098 grandfathers 
produced 5609 children, who in turn produced 15,755 offspring, while 
1127 grandmothers had 5660 children and 15,780 grandchildren. The 
sex ratios of the first generation of progeny generally increase with 
increasing age at death of both fathers and mothers. This relationship 
is depicted in Figure 1. 
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GRANDFATHERS AND GRANDMOTHERS 


TABLE 1 


90 


Mean sex ratios of children and grandchildren in relation to 
longevity of grandfathers 




















GRANDFATHERS CHILDREN GRANDCHILDREN 

Age at Number Number 

death No. Sex ratio Sex ratio 
Total ¢ g Total @ g 

20-29 24 56 24 32 42.857%4.507 169 85 84 50.296+2.593 

30-39 87 323 145 178 44.802+1.876 1009 500 509 49.554%1.061 

40-49 118 589 286 303 48.557%1.300 1577 814 763 51.617+0.849 

50-59 152 764 385 379 50.393%1.220 2081 1084 997 52.090+0.739 

60-69 235 1230 508 632 48.618%0.962 3424 1765 1659 51.54820.576 

70-79 «6062590 «1388 )=— 712. s«676s 5§1.20720.905 3836 2015 1821 52.529-0.544 

80-89 188 1056 546 510 51.705+1.039 3058 1559 1499 50.981-+0.610 

go-over 35 203 117 86 57.635=5.700 601 324 277 53.910+1.375 

All 

ages 1098 5609 2813 2796 50.152+0.450 15755 8146 7609 51.704+0.269 
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TABLE 2 
Mean sex ratios of children and grandchildren.in relation to | 
longevity of grandmothers ‘ 
F 
GRANDMOTHERS CHILDREN GRANDCHILDREN 

f 
Age at Number Number 

death No. Sex ratio Sex ratio 
Total ¢ g Total @ g 
20-29 50 124 50 74 40.323+3.028 348 177 #171 50.862+1.807 ‘ 


30-39 92 403 1904 209 48.130~1.680 1125 587 538 52.178%1.005 
40-49 104 544 277 267 50.919%1.446 1343 600 653 51.37820.920 
50-59 124 633 320 313 50.553%1.340 1778 903 875 50.787+0.799 
60-69 215 1008 520 578 47.359%1.018 20951 1471 1480 49.848-0.620 j 
70-79 308 1614 843 771 52.230+0.839 4508 2413 2185 52.479+0.497 
80-89 193 1000 519 481 51.900+1.066 30090 1566 1443 52.044+0.614 
g0-over 4I 244 127 117 5§2.049%+2.159 628 337 201 53.662+1.345 




















All 

ages 1127 5660 2850 2810 50.353%0.448 15780 8144 7636 51.610+0.268 Sor 
TABLE 3 ne 
Mean sex ratios of children and grandchildren in relation to the sum fathe 
of the life durations of grandparents — 
Gran 
BOTH moth 

GRANDPARENTS CHILDREN GRANDCHILDREN 
Sum of Number Number Both 
agesat No. Sex ratio Sex ratio granc 
death Total ¢ Q Total ¢@ g paren 








60-79 23 81 41 40 50.617+3.747 201 103 98 51.24422.377 
80-909 78 3290 155 174 47.112+1.859 850 437 413 51.412+1.156 
100-119 172 854 400 454 46.838%1.154 2504 1280 1224 5§1.118+0.673 | 
120-1390 245 1319 668 651 50.644+0.929 3661 1808 1763 51.844+0.557 
140-159 229 1202 663 629 51.316+0.938 3603 1954 1739 52.911-t0.555 | 
160-179 95 575 306 269 53.217+1.406 1619 823 796 50.834+0.838 | 
180-over 8 47 23 24 48.936+4.919 107 61 46 §7.009+3.258 





All 
ages 850 4497 2256 2241 50.167+0.503 12635 6556 6079 51.888+0.300 
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In each case there is an unexplainable decrease at the ages 60-69. 
The sex ratios of the F, generation show a similar upward trend with 
an increase in the sum of the ages at death of the 850 pairs of parents 
as may be seen from Table 3. 

Among the grandchildren the sex ratios in each of the three tables 
— fluctuate with advancing length of life of the progenitors, indicating 

no such marked relationship as that which exists in the F, generation. 














os To facilitate interpretation, dichotomous age divisions were made 

=e in Table 4, the division point being at 70 years for grandparents separ- 

1.807 ately, and at 140 for the sum of the ages of pairs of grandparents. 

005 

——e TABLE 4 

.799 ’ 

.620 Mean sex ratios of children and grandchildren in relation to longevity of 

ad grandfathers, grandmothers, and grandparents together 

614 

ears GRANDPARENTS CHILDREN GRANDCHILDREN 
Age at Number Number 

- Sort death No. Sex ratio Sex ratio 

rae Total $ 9 Total $ @ 





Grand Under 70 616 20962 1438 1524 48.5482+0.620 8260 4248 4012 51.429+0.371 
og - yzoandover 482 2647 1375 1272 51.9460.655 7495 3808 3507 52.008-0.380 
um athers All ages 1098 5609 2813 2796 50.152+0.450 15755 8146 7609 51.70420.260 





Under 70 8585 2802 1361 1441 48.572+0.637 7545 3828 3717 50.736+0.388 
7oandover 542 2858 1489 1369 52.000+0.631 8235 4316 3019 52.410+0.371 
All ages 1127 5660 2850 2810 50.35320.448 15780 8144 7636 51.610+0.268 


ap ie Grand- 
mothers 





Both Sum<140 518 2583 1264 1319 48.238+0.665 7216 3718 3408 51.52420.307 
lo grand- Sum>140 332 19014 9092 922 51.829%0.771 5419 2838 2581 52.37120.458 
parents All ages 850 4497 2256 2241 50.16720.503 12635 6556 6079 51.888-t0.300 
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156 The mean sex ratio of 51.946 + .655 for children of the longevous 
673 group of grandfathers is significantly higher than that of 48.548 + 
ne .620 for offspring of those who died at younger ages. The deviation 
838 between mean masculinities of the F, generation for grandfathers is 
258 inconsiderable. For the grandmothers the difference of 3.527 + .897 
— in the mean sex ratios of 48.572 + .637 and 52.099 + .631 for the 
™ F, offspring in the two longevity groups is almost certainly not due to 


chance. In the second generation the deviation between the ratio of 
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52.410 + .371 for the longevous grandmothers and 50.736 + .388 
for the short-lived grandmothers is slightly greater than three times 
its probable error. The lower part of Table 4 shows the sex ratios in 
relation to the sum of the ages at death of mated pairs of grandparents. 
These figures clearly demonstrate that with increased longevity there 
is an increased proportion of male children, the ratio being significantly 
higher for long-lived parents. Second generation masculinities show 
the same relationship, but to a lesser degree. 

The evidence thus strongly indicates a positive association between 
the masculinity of children and the longevity of their parents. This 
cannot be said with confidence for the F, generation in view of the 
absence of statistically significant differences in two of the three cases. 
However, all of these differences are in the same direction. Pearl,* 
in a study of Constitutional Factors in Longevity, concluded that longe- 
vous individuals “are not only the physically fittest part of the human 
race, but as a group transmit to their progeny a definite superiority in 
this respect.” On the basis that a constitutional difference of the pro- 
genitors in the two age categories considered above is the causal factor 
in the first generation sex ratio differentials, the expectation would 
be that a similar relationship should exist in the second generation 
only insofar as there is an inheritance of constitutional factors pre- 
disposing to longevity. The inheritance of longevity is more pronounced 
when transmitted through a line of longevous mothers than when 
transmitted through a longevous paternal ancestry. This may account 
for the direction of the sex ratio differences among the grandchildren, 
and for the greater difference observed with respect to the ages at 
death of grandmothers. 

It is of interest to note that whereas other workers have observed 
that the offspring of younger parents demonstrated the highest sex 
ratios, Tables 1 and 2 show the lowest sex ratios among progeny of 
those parents who died at younger ages. This striking comparison 
argues strongly for the existence of an element of biological fitness 
in sex ratio determination. 

In Table 5, 875 matings are subdivided into four categories according 
to combinations of the longevity of the members of the pairs. 


‘Pearl, R. Constitutional factors in longevity. Zeitschr. f. Morphol. wu. 
Anthrop., Bd. 34, pp. 314-320, 1934. 





LONGEVITY AND SEX RATIO 


TABLE 5 


Mean sex ratios of children and grandchildren in relation to 
combinations of life durations of grandparents 





————— 


GRANDPARENTS CHILDREN GRANDCHILDREN 


Grand- Grand- 

father, mother, No. 
ageat ageat of 
death death pairs 


Number Number 


Sex ratio Sex ratio 
Total ¢@ g Total @Q é 











Under 70 Under 70 272 1208 692 46.687+0.936 3461 1743 1718 50.361+0.573 
Under 70 Over 70 200 1004 524 52.102+1.020 3257 1747 1510 53.638-0.590 
Over70 Under70 179 6966 484 49.8906+1.085 2757 1418 1339 51.43320.642 
Over70 Over7o 224 1254 507 52.392+0.952 3502 1831 1671 52.284+0.569 





Allages Allages 875 4612 2315 2297 50.195+0.497 12977 6739 6238 51.930-+0.296 





It is at once obvious that the sex ratios of both children and grand- 
children are low for those pairs of grandparents where each member 
died under 70 years of age. The difference between the masculinities 
of the first and second of these combinations is significant for children 
and grandchildren alike. For the F, generation the sex ratio is higher 


where mothers and fathers both died over 70 than where both died 
under 70, the deviation being 4.3 times its probable error. The cor- 
responding figures in the second generation of progeny differ by 2.4 
times the probable error, and hence may have been due to sampling 
variation. The table shows, by and large, the same associations be- 
tween sex ratio and longevity as were found in the previous tables. 
In addition it demonstrates more clearly the considerable part played 
by the maternal organism in determining the differences observed. 
There is a difference of opinion among students of sex ratio prob- 
lems as to the degree of influence which reproductive wastage has in 
the expression of the masculinity at birth. The present investigation 
contributes nothing probative to the question, but two possibilities are 
worthy of consideration. First, whatever may be the significance of 
antenatal death, the sex ratio at conception must play an important 
role in determining the proportion of males at birth. The innate con- 
stitutional vitality of parents may be a factor in the determination of 
this primary sex ratio. Second, the physical fitness of the parents may 
influence the frequency of reproductive wastage, and so account, at 
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least in part, for the higher masculinities associated with greater longe- 
vity of the parents. Since the fitness of the mother would be expected 
to affect prenatal mortality to a larger extent than that of the father, 
perhaps this accounts in some degree for the influence of the maternal 
organism in the expression of the levels of the sex ratios in this in- 
vestigation. 


SEX RATIO AND FERTILITY IN MAN 


Several studies have demonstrated a slight negative association 
between the fertility of parents and the sex ratio of their offspring, 
while Geissler’s ® analysis showed the opposite tendency. The present 
investigation gives the masculinity of progeny in families of 1 to 4 and 
5 and over children, this division point being closest to the median 


TABLE 6 


The sex ratio of children in relation to fertility and longevity of fathers 





FATHERS CHILDREN 





Age at Fertility " g Mean sex 
death ratio 





47.024+1.840 
46.9041.342 
47.004 1.084 





50.405+1.518 
207 48.93320.871 
387 49.208+0.755 





205 §0.842+1.384 
70-over 277 §2.265+0.744 
482 §1.9460.655 





521 49.789+0.804 
577 2081 §0.2750.521 
1098 2813 2796 §0.152-+0.450 





® Geissler, A. Beitrage zur Frage des Geschlechtsverhaltnisses der Geborenen. 
Zeitschr. d. k.—siachsischen stat. Bureaus, Dresden, Bd. 35, pp. 1-24, 1880. 
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fertility in each longevity group considered. Table 6 presents the data | 
for fathers, and again shows that an increase in longevity is accom- 
panied by an increase in the sex ratios of the children. 

In the 20-49 and 50-69 longevity group, the smaller families have 
slightly higher sex ratios than do the larger families. This situation 
is reversed in the most longevous group of fathers. The differences 
between sex ratios of large and small families are, for each age at 
death, well within the range of chance fluctuation. This applies also 
to the masculinities for the total experience. 

The lack of any statistically significant differences between the sex 
ratios of large and small families is likewise apparent in Table 7 which 
presents the data for mothers. In the 50-69 and 70 and over categories 
the sex ratio is slightly higher for sibships of size one to four than for 
sibships greater than four. In the short-lived group of mothers the 
larger families possess the higher proportion of male offspring. There 
is thus no statistical evidence from the present material that the mas- 
culinity of offspring has any consistent and significant association, 
either positive or negative, with size of family. 


TABLE 7 


The sex ratio of children in relation to fertility and longevity of mothers 




















MOTHERS CHILDREN 

Age at Fertility No. Total é g Mean sex 

death ratio 

1-4 150 380 176 204 46.316+1.730 
20-49 Over 4 96 691 345 346 49.928 1.283 
Total 246 1071 521 550 48.646+ 1.030 
I-4 147 391 198 193 50.639+1.705 
50-69 Over 4 192 1340 642 608 47.910+0.921 
Total 339 1731 840 801 48.527+0.811 
1-4 237 680 357 323 52.500 1.293 
70-over Over 4 305 2178 1132 1046 51.0740.723 
Total 542 2858 1489 1369 §2.099+0.631 
1-4 534 145! 731 720 50.379+0.885 
All ages Over 4 593 4209 2119 2090 50.3440.520 


Total 1127 5660 2850 2810 50.3530.448 
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The data of Willoughby,* Winston’™ and Punnett,® all of which 
showed a slight decrease in sex ratio with increasing fertility, dif- 
fered from the present material in two respects. First, each of the 
previous studies was based on a socially select population. Second, 
each referred only to live births. Since prenatal mortality is more 
frequent in the higher orders of gestation, the inclusion of stillbirths 
and abortions in the present study may have increased the sex ratios 
in the higher fertilities, and so constituted the discriminating factor 
between this and other investigations. 


FERTILITY AND LONGEVITY 


The question of a relationship between fertility and longevity has 
from time to time been considered in the literature. All of these reports 
have shown a positive association of low order among parents who died 
beyond the ages of reproductivity. The present study, like several of 
the foregoing, is in default in that it fails to consider age at, or dura- 
tion of, marriage. To take these factors into account would have en- 
tailed a considerable reduction in the magnitude of the numbers upon 
which the study is based. This investigation goes beyond those of 
previous years inasmuch as it presents the mean number of progeny in 
the second generation, and also the fertility associated with combina- 
tions of the life durations of the progenitors. 

Tables 8 and 9 present the mean number of F, and F, offspring 
for grandfathers and grandmothers. The upward trends of these 
averages in each generation are depicted in Figs. 2 and 3. 

A positive association exists for each progenitor, but the relation- 
ship is more marked for grandfathers than for grandmothers. 

The material is divided in Table 10 into three longevity groups, 
short-lived, average-lived, and long-lived. Among the grandfathers 
there is a considerable increase in the 50-69 and 70 and over groups 
above the short-lived category, the differences divided by their probable 
errors being 6.1 and 8.8 respectively for the mean numbers of children, 
and 3.9 and 6.7 for the mean numbers of grandchildren. 


* Willoughby, R. The families of freshmen. Human Bro.ocy, Vol. 3, pp. 


342-350, 1931. 

* Winston, S. Some factors related to differential sex-ratios at birth, HuMAN 
Brovocy, Vol. 4, pp. 272-279, 1932. 

* Punnett, R. C. On nutrition and sex determination in man. Proc. Cambridge 


Philos. Soc., Vol. 12, pp. 262-276, 1904. 
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TABLE 8 


The mean number of children and grandchildren in relation to the 
longevity of grandfathers 

















. GRANDFATHERS NUMBER OF CHILDREN NUMBER OF GRANDCHILDREN ‘ 

Ageat Standard Standard 

death No. Mean deviation Mean deviation . 

20-29 24 2.333 + .181 = 1.312 & .128 6.667 + .515 3.738 + .364 2 

30-39 87 4.713 + .150 2.073 + .106 11.466 + .729 10.076 + .515 

40-49 18 4.992 + .175 2823 + .124 13.483 + .598 9.632 + .423 ( 

50-59 152 5.026 + .168 3.071 = .119 13.763 + .507 10.912 + .422 

60-69 235 5.234 + .124 2.812 + .087 14.568 + .508 11.556 + .360 

70-79 259 5.398 + .121 2.882 + .085 14.979 + .445 10.624 + .315 

80-89 188 5.617 + .141 2.868 + .100 16.308 + .503 12.064 + 

go-over 35 5.686 + .316 2.775 + .224 17.128 +1.011 8.864 + .715 ( 
1 

All ages 1098 5.117 + 059 2.907 + .042 14.398 + .223 10.979 + .158 

TABLE 9 


The mean number of children and grandchildren in relation to the 
longevity of grandmothers 











GRANDMOTHERS NUMBER OF CHILDREN NUMBER OF GRANDCHILDREN 
Ageat Standard Standard 
death No. Mean deviation Mean deviation 

20-29 50 2.480 + .127 1.330 + .090 6.740 + .479 5.020 + .339 

30-39 92 4.380 + .177. 2.510 + .125 12.239 + .583 8.284 + .412 

40-49 104 5.231 + .203 3.072 + .144 12.885 + .690 10.436 + .488 

50-59 124 5.105 + .149 2.465 + .106 14.403 + .724 11.948 + .512 

60-69 215 5.112 + .130 2.820 + .092 13.887 + .491 10.664 + .347 

70-79 308 5.240 + .102 2.643 + .072 14.954 + .437 11.364 + .300 

80-89 193 5.181 + .139 2.873 + .009 15.578 + .525 10.804 + .371 

go-over 41 5.951 + .338 3.208 + .239 15.476 +1.155 10.960 + .816 





14.038 + .217. 10.780 + .153 


I 
g 
3 


I+ 


All ages 1127 5.023 056 2810 + 
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TABLE 10 


415 


The mean number of children and grandchildren in relation to 
the longevity of grandfathers, grandmothers, and 


grandparents together 

















GRANDPARENTS NUMBER OF CHILDREN NUMBER OF GRANDCHILDREN 
Age at Standard Standard 
Sort death No. Mean deviation Mean deviation 
20-49 229 «4.227.115 2.587+.082 12.002+.428 9.595 + .302 
Grand- 50-69 387. 5.152.100 2918+.071 14.252 .388 11.315 + .274 
fathers 7O-over 482 5.512% .001 2.049% .064 15.6542 .337 11.123 & .237 
Allages 1098 5.117+.059 2.9007+.042 14.3982%.223 10.9792%.158 
20-49 246 4.354.126 2.90232%.089 11.3042%.409 9.504 + .280 
Grand- 50-69 339 5.106+.009 2.606% .070 14.0752 .303 10.723 + .278 
mothers 70-over 542 5.2732%.081 2.780+.057 15.2162 .323 11.142 .228 
Allages 1127 5.023+.056 2810+.040 14.0382%.217 10.780 2+ .153 
Sum 
Both 60-09 I01 4.059%.146 2.170+.103 10.262+.405 7.378.350 
- 100-139 417 5.218.004 2842+ .066 14.855+.359 10.881 + .254 
grand-  i4o-over 322 5.705.105 2.832.074 16.223 .427 11.549 + .302 
parents Allages 850 5.204.065 2.809+.046 14.891 +.253 10.956 + .170 








The figures for long-lived grandfathers are higher than those for 
average-lived by amounts which relative to the probable errors are 
2.7 with regard to children and grandchildren alike. The similarities 
between the figures for grandmothers and grandfathers are readily 
apparent. Again a comparison of the short-lived with the other two 
groups shows highly significant differences in the mean numbers of 
progeny in both F, and F, generations. Although the mean is higher 
in the long-lived than in the average-lived group of grandmothers, 
for both children and grandchildren, in neither case is this difference 
outside the range of chance variation. The lower part of Table 10 
shows the mean number of progeny according to the sums of the life 
durations of pairs of grandparents. In the first generation each in- 
crement with advancing longevity is statistically significant. In the 
second generation the mean of 10.262 + .495 for the 60-99 age group 
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+ 


differs by 4.593 + .611 and 5.961 654 from the next two groups 
in order. Whereas each of these differences is over seven times its | 
probable error, the deviation between the 100-139 group and the 140 | 
and over group is 2.45 times its probable error, and hence may have | 
arisen as a chance variation. 

Further and more specific analysis of the relationship between 
fertility and longevity is found in Table rr. 


TABLE 11 





The mean number of children and grandchildren in relation to 
combinations of the life durations of grandparents 














AGE AT AGEAT 
ane ham wn. NUMBER OF CHILDREN NUMBER OF GRANDCHILDREN 
GROUP OF OF BER 
GRAND- GRAND OF Standard Standard 
FATHER MOTHER PAIRS Mean deviation Mean deviation 
I 20-49 20-49 38 §« 44.200 .246 2.247.174 10.921% 839 7.666.503 
2 20-49 50-60 50 4.780.228 2.3862%.161 14.660+1.012 10.612+.716 
3 20-49 7o-over 64 5.188 + .239 2.8332%.169 16.000+ .979 11.608 + .692 
4 50-69 20-49 79 «64.671%.218 2.8722%.154 12.070+ 845 11.141 +.508 
5 50-69 50-69 105 5.010.181 2.745.128 13.0142 .672 10.213 +.475 
6 5069 7o-over 136 5.6032%.162 28062%.115 16.971 .644 11.136 + .456 
7 70-over 20-49 69 4812+ .272 3.355.193 13.1090+ .723 8.901 +.511 
8 70-over 59-60 110) §.718 + .175 2.724.124 16.864 .767 11.9031 + .543 
9 7O-over 7O-over 224 5.612.125 2.762% .088 15.643 .510 11.325 + .361 
10 6Allages Allages 875 5.267+.064 2822+ .045 14.8342 .254 11.149 +.180 





Here the data are presented for combinations of the longevities 
of grandparents. It will be noted that for each age group of grand- 
fathers, the mean number of progeny in both generations increases 
with increasing longevity of the grandmothers. In general, the same 
associations exist when the situation is reversed; that is, the mean 
numbers of descendants increase with greater longevity of grand- 
fathers when the ages at death of grandmothers are held the same. 
The principal exception to this regular progression is the slight de- 
crease which occurs in the case where both grandparents died at seventy 
years or over, as compared to the groups where only one grandparent 
died at seventy and over while the consort died at 50-69. 
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For the sake of convenience the longevity combinations have been 
designated by the numbers in the extreme left column of the table. 
Considering first the figures in the F, generation, each of the three 
lowest averages, namely those of groups 1, 2, and 4, differ significantly 
from each of the three highest, or 6, 8, and 9. Freeman® found a 
positive association between fertility and longevity of women who had 
passed their reproductive period (45 years of age), but in only one 
out of seventeen comparisons was the correlation significant. In Table 
11 the figures for the groups 5, 6, 8, and 9 are comparable to the con- 
ditions of Freeman’s investigation. It will perhaps be objected that 
fathers over 50 years of age may continue to produce offspring, and 
that the fertilities in groups 8 and 9 would thus be likely to exceed 
those of 5 and 6 for no other reason than that the reproductivity of 
the former groups extended over a longer period of time. However, 
this is probably a negligible factor in the present study. First, any 
father who had offspring beyond his fiftieth year would have had to 
be roughly five or more years the senior of his consort. Second, the 
number of births resulting from fathers over 50 years of age probably 
does not exceed 3 percent, or from fathers over 55 years 1 percent of 
the total births.‘ Hence the difference in fertility between the longevity 
groups 50-69 and 70 and over resulting from the above stated cause 
can be almost completely disregarded. Quite evidently there are no 
marked differences between the averages of groups 6, 8, and 9. Group 
5 is lower than 6, 8, or 9 by amounts which are 2.44, 2.81, and 2.73 
times the probable error of the difference. Although deviations as 
great as or greater than those observed may occur in 6 to 10 times 
in 100 trials, the positive association is in agreement with the obser- 
vations of Powys,!! 1? Bell,48 Freeman,® and Dorn and McDowell.’ 


*Freeman, FPettie C. Fertility and longevity. Human Burotocy, Vol. 7, pp. 
392-418, 1935. 

* Pearl, R. The Natural History of Population. New York (Oxford Univ. 
Press), 1939. 

™ Powys, A. O. Data for the problem of evolution in man. Anthropometric 
data from Australia. Biometrika, Vol. 1, pp. 30-49, 1901. 

* Powys, A. O. Data for the problem of evolution in man. On fertility, 
duration of life and reproductive selection. Biometrika, Vol. 4, pp. 233-283, 1905. 

* Bell, A. G. The Duration of Life and Conditions Associated with Longevity. 
A Study of the Hyde Genealogy. Washington (Genealogical Record Office), 
1918. Pp. 57. 

“ Dorn, H. F., and A. J. McDowell. The relationship of fertility and longevity. 
Amer. Soc. Rev., Vol. 4, pp. 234-246, 1939. 
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The present material suggests that when either one or both parents 
were longevous they had produced, on the average, a greater number 
of offspring than when both were shorter-lived, but past their repro- 
ductive span. Such a conclusion can only be tentative in view of the 
absence of statistically significant differences. As was suggested in 
a historical review of the subject (Quart. Rev. Biol., in press) the asso- 
ciations found here and elsewhere indicate that by and large longevous 
parents demonstrate a higher fertility because they are from tte fittest 
part of the population. 

Turning to the F, generation of Table 11 one sees a pattern which 
closely corresponds to that of the first generation, the average number 
of grandchildren being from two and one-half to three times the aver- 
age number of children. The means of 10.921 + .839 for group I 
and of 12.070 + .845 for group 4 differ significantly from those of 
groups 3, 6, 8, and 9 when taken each by each. The differences be- 
tween the mean numbers of grandchildren of groups 7 and 6, 7 and 8, 
and 7 and 9, when divided by the probable errors of these differences 
are equal to 3.99, 3.53, and 2.86 respectively. Again as in the first 
generation there are no considerable deviations among the figures for 
age combinations 6, 8, and 9. However, group 5 differs from each of 
these in order by amounts which are 4.25, 3.78, and 3.12 times the 
probable error of the difference. 

It is clear that the associations which exist between longevity of 
parents and the average number of children exist to the same or even 
greater extent with the average number of grandchildren. Obviously 
those groups which have produced a greater number of children would 
likewise have a greater number of grandchildren, and the second 
generation figures probably result largely from this relationship. Since 
the extracted data of this study lists only the total numbers of children 
and grandchildren, there is no valid method of determining to what 
extent the longevity of the parents influences the fertility of the F, 
progeny. Many of these progeny failed to reach a reproductive age, 
while some remained childless for other biological or social reasons. 


EXPERIMENTS ON DROSOPHILA MELANOGASTER 


Do the same relationships that were found to exist between sex 
ratio, fertility, and longevity in man also exist in Drosophila melano- 
gaster? To test this question a duration of life experiment was set 
up, and the records of reproduction were analyzed. Due to the tech- 
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nical difficulties involved, it was necessary to limit the investigation to a 
single generation of offspring. 


The plan of the experiment 


A homozygous wild stock designated as line 107-101 has for a 
number of years been inbred in this laboratory. This stock is main- 
tained from five pair matings made up bi-weekly in half-pint milk 
bottles and kept at a temperature of approximately 23°C. 

For this study five pair matings in each of twenty-five half-pint 
bottles were made at random from the above stock. When the first 
generation of offspring had started to emerge the bottles were emptied. 
From the succeeding progeny, all less than one day old, 200 single 
pairs were selected at random and mated in one ounce glass vials ap- 
proximately 2.5 cm. in diameter. Each vial was fitted with a cork 
which had been drilled and the hole enclosed with a fine-mesh copper 
screen and a small piece of cotton. The food in each vial consisted 
of 5 gm. of a synthetic medium, S-1o1 (cf. Pearl and Penniman **) 
which had been seeded uniformly with pulverized Budweiser brewer’s 
yeast. These, and all subsequent bottles were kept in electrically con- 
trolled incubators at 23°-24°C. 

The parents were transferred without etherization to fresh vials 
every three days. By following this procedure the food of the parents 
was always in good condition and egg density was kept down to a 
point where it could have no radical effect on either the sex ratio or 
the percentage of emergence of the progeny. Hammond ?™ found that 
when egg density is greater than 200 in a bottle having the same food 
surface area, though greater food depth, than the bottles in the present 
experiment, the sex ratio increases and the percentage of emergence 
decreases. He also found that a single pair mating in one day yielded 
an average of 34.73 eggs per bottle. Hence the technique of trans- 
ferring the parents every three days probably eliminated this potentially 
complicating factor. Since the parents were examined for mortality 


* Pearl, R., and W. B. D. Penniman. Culture media for Drosophila. I. Changes 
in hydrogen ion concentration of the medium. Amer. Nat., Vol. 60, pp. 347-366, 
1926. 

* Hammond, E. C. The Effects of Population Density on Group and Individual 
Characteristics with Special Reference to Drosophila melanogaster. Dissertation, 
The School of Hygiene and Public Health, Johns Hopkins University, Baltimore, 
1938. 
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at the same time each day, the longevity records are accurate to the 
degree implied by such an examination. 

The vials from which the parents were removed were kept under 
the same conditions as the parent bottles, and the progeny were sexed 
and counted every day or every other day in order to maintain a low 
density of the imagoes. The bottles were discarded only when all of 
the F, offspring had emerged. 


The sex ratio and longevity 


It will be seen from the totals of the following tables that 191 
pairs of parents produced 31,097 progeny which had a sex ratio of 
49.432 + .191 percent males. This ratio agrees closely with that found 
by others who have studied the masculinity of Drosophila melanogaster. 
Of the original 200 pairs of flies, nine matings were sterile and were 
not included in the analysis of the data. 

The numbers of offspring and their mean sex ratios according to 
five-day periods of life duration of the parents are shown in Tables 
12 and 13 for fathers and mothers respectively. Neither of these 
tables demonstrates any regular increase or decrease in the sex ratios 
with increasing ages of the parents, nor does the corresponding Table 
14 for the sum of the life durations of the father and mother. The 


small number of parents involved in each age group when the material 
is divided in this way would almost preclude any obvious regularity. 


TABLE 12 


The sex ratio of offspring in relation to longevity of fathers 





FATHER OFFSPRING 





Ageat Number of 
death deaths Male Female Mean sex ratio 





0-9 5 410 413 49.818 1.169 
10-14 777 777 50.000 + .855 
15-19 1454 1496 49.288 621 
20-24 1555 1629 48.838 + .598 
25-29 20 2056 2052 50.049 
30-34 2072 2153 49.041 
35-39 2476 2499 49.769 + .478 
40-44 2171 2148 50.266 513 
45-over 2401 2558 48.417 





All ages IQI 15372 15725 49.432 
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TABLE 13 


The sex ratio of offspring in relation to longevity of mothers 





MOTHER OFFSPRING 





Ageat Number of 











death deaths Mean sex ratio 
t IgI 0-9 46.416 *+1.393 
tio of Ff 10-14 48.971 + .453 
found 15-19 48.948 + . 
jaster. 20-24 48.604 + . 
| were 25-29 49.922 + 
30-34 50.053 + 
, - y = 
ing to 35-39 : 50.038 
Tables ad ” — * 
45-over 667 49851 +. 
these 
ratios 
All ages Ig! 15372 49.432 + 
Table 
The ff 
aterial ff TABLE 14 


larity. 


The sex ratio of offspring in relation to the sum of the ages at 
death of both parents 





BOTH PARENTS OFFSPRING 


Sumof Number of 
ages at pairs of 
death deaths 
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In Table 15 the data are divided into two longevity groups for 
fathers, mothers, and both parents. The first section of this table 
shows only a slightly higher sex ratio for the progeny of fathers who 
died at 25 and over days than for those who died at younger ages. 
The difference, when divided by its probable error, is found to be 
within the range of sampling variation. For mothers the sex ratio 
of 50.109 + .278 for the older group is quite probably significantly 
higher than that of 48.825 + .263. The difference is 3.4 times its 
probable error. When the sex ratios are considered in relation to 
the sums of the lengths of life of both parents, it is again found that 
the most longevous group has the higher masculinity, but the differ- 
ence lacks statistical significance. 


TABLE 15 


The sex ratio of offspring in relation to the longevity of fathers, 
mothers, and the sum of the ages at death of both parents 








PARENTS OFFSPRING 
Age Number 
Sort at of Total Male Female Mean sex ratio 


death deaths 














Father 1-24 54 8511 4196 4315 49.301 + .366 
- 25-over 137 22586 11176 11410 49.482 + .224 
Moth 1-24 123 16389 8002 8387 48.825 + .263 
other = —=—_2s-over 68 14708 7370 7338 50.109 + .278 
Both Sum < 50 66 8708 4293 4415 49.299 + .361 
parents Sum> 50 125 223890 11079 11310 49.484 = .225 
Allages 191 31007 15372 15725 49.432 = .191 





It will be seen from Table 16 that when both parents died under 
25 days the sex ratio of the progeny is lower than when either parent 
alone died under 25 days, as observed in the preceding table. Now 
when the ratio of 47.654 + .620 is compared with that of 50.180 + 
.453 for the case where the father died under 25 and the mother at 
25 or over, the difference is found to be probably significant, since it 
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is 3.3 times its probable error. The first ratio does not deviate signifi- 
cantly from that of the longevity combination found in the third row, 
namely, where the father died at 25 or over and the mother died at 
a younger age. Among the combinations where either one or both 
parents died at 25 or more days, when taken each by each, the dif- 
ferences relative to their probable errors give critical values of slightly 
greater than two in each case, and are thus within the realm of chance 
fluctuation. However, the sex ratio of 50.066 + .352 where both 
parents died at 25 or over days, is significantly higher than that of 
47.654 + .620 where both died under 25 days. 


TABLE 16 


The sex ratio of offspring in relation to combinations of the life 
durations of both parents 








AGE AT AGE AT NUMBER 
DEATH DEATH OF PAIRS peadunpememand 

OF oF or Total Male Female Mean sex ratio 
FATHER MOTHER DEATHS 





Under 25 Under 25 24 2963 1412 1551 47-654 + .620 
Under 25 25-over 30 5548 2784 2764 50.180 + .453 
25-over Under 25 99 13426 6590 6836 49.084 + .201 
25-over 25-over 38 9160 4586 4574 50.066 + .352 





All ages All ages IQ! 31097 15372 15725 49.432 = .191 





Although in no case is the difference in the sex ratios of progeny 
of short-lived and longer-lived parents highly significant, these dif- 
ferences indicate that the masculinity is greater among those parents 
who had the longest life durations. This is particularly true with re- 
spect to the maternal organism. It will be noted that this is essentially 
the same condition as was found to exist for man, and may probably 
be explained in the same manner. In Drosophila, as in man, length 
of life is an index of constitutional fitness. Since the environmental 
factors were controlled in this investigation it is apparent that those 
flies, and particularly the mothers, which possessed the greater innate 
biological fitness had a tendency to produce a higher proportion of 
male progeny. 
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The sex ratio and fertility 


Fertility has been variously defined in the literature on Drosophila, 
In the present paper fertility is taken to be the number of flies pro- 
duced per mated day by a pair of parents. This should not be confused 
with the number of eggs deposited (fecundity) or with the percentage 
of emergence, but it is rather a function of both of these variables. 
A strict interpretation of the above definition would prohibit speaking 
of the fertility of fathers or of mothers independently, but here, as 
in studies on man, the term will be used loosely to permit its applica- 
tion to either parent. 

Table 17 shows the mean sex ratio of offspring of fathers who 
had produced less than 10, and 10 or over progeny per mated day. 
For each longevity group the fathers with the highest fertility likewise 
showed the highest masculinity among their offspring. However, 
the differences are slight and on the basis of the present sample may 


TABLE 17 


The sex ratio of offspring in relation to fertility and longevity of fathers 




















FATHER OFFSPRING 
Offspring 
Age at per mated Total Male Female Meansexratio 
death day 
Under 10 1041 505 536 48.511 + 1.045 
0-19 10 and over 4286 2136 2150 49.837 + .515 
Total 5327 2641 2686 49.578 + .462 
Under 10 5554 2716 2838 48.902 + .452 
20-34 10 and over 5963 2967 2996 49.757 + .437 
Total 11517 5683 5834 49.344 + .314 
Under 10 7000 3446 3554 49.229 + .403 
35-over 10 and over 7253 3602 3651 49.910 + .306 
Total 14253 7048 7205 49.449 + .282 
Under 10 13595 6667 6928 49.040 + .289 
All ages ro and over 17502 8705 8797 49.737 + .255 
Total 31007 -15372.—Ss«15725 49-432 + .I91 
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have been due to chance variation. This applies also to the higher 
sex ratio associated with the most fertile fathers dying at all ages, 
the difference being slightly less than two times its probable error. 
The corresponding data for mothers are presented in Table 18. Re- 
semblances between the figures of Tables 17 and 18 are at once apparent. 
The progeny of mothers that had a fertility of 10 or over have a 
higher sex ratio than the progeny of mothers that had a fertility of 
less than 10 irrespective of the age at death of those mothers. The 
difference in the masculinities of the two fertility groups is statistically 
significant only in the longevity group 35 and over. While the material 
suggests that for both fathers and mothers there may be a slight 
positive association between fertility and sex ratio, it is by no means 
certain that the relationship actually exists, since the deviation is sig- 
nificant in only one instance. 


TABLE 18 


The sex ratio of offspring in relation to fertility and longevity of mothers 




















MOTHER OFFSPRING 

Offspring 
Ageat per mated Total Male Female Meansex ratio 
death day 

Under 10 5868 2850 3018 48.569 + .440 
0-19 10 and over 7956 3903 4053 49.057 + .378 

Total 13824 6753 7071 48.850 + .287 

Under 10 5755 2854 2901 49.502 + .445 
20-34 10 and over 7647 3810 3837 49.648 + .386 

Total 13402 6664 6738 49.724 + .201 

Under 10 1972 963 1009 48.834 + .750 
35-over 10 and over 1899 992 907 52.238 + .774 

Total 3871 1955 1916 50.504 + .542 

Under 10 13595 6667 6928 49.040 + .289 
All ages 10 and over 17502 8705 8707 49.737 = .255 

Total 31097 =:15372,Ss«1§725 49.432 + .191 
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Fertility and longevity 


The problem of determining the relationship between fertility and 
longevity in Drosophila was complicated by the observation that as the 
flies approached the end of life they produced fewer offspring than 
in the early ages. Many of the matings, particularly in the longevous 
flies, became completely sterile. This is in accord with the findings of 
Duncan !7 on the productivity of the male Drosophila melanogaster. 


TABLE 19 


The mean number of offspring per mated day produced during 
designated periods of life in relation to the 
longevity of the fathers 





AGE AT DEATH OF FATHER 








PERIOD OF 
LIFE 0-19 20-34 35-over All ages 
0-9 12.222 + .466 12.364 + .310 12.236 + .270 12.267 + .182 
10-21 9.375 1.057 6.560 + .427 6.049 + .306 6.923 + .308 
22-over oni 2.800 + .538 1.261 + .004 1.977 + .268 





I+ 
2 
° 
© 
e 
I+ 
8 


Total life 11.722 + 810 8.636 + .308 9.135 





TABLE 20 


The mean number of offspring per mated day produced during 
designated periods of life in relation to the 
longevity of the mothers 





AGE AT DEATH OF MOTHER 











PERIOD OF 
LIFE 0-19 20-34 35-over All ages 
0-9 11.473 = .232 13.323 + .296 13.421 + .632 12.267 + .182 
10-21 4.490 + .320 8.574 + .476 15.111 +2.716 6.923 + .308 
22-over seed 1.667 + .236 3.571 1.010 1.977 + .268 
Total life 8.945 + .230 9.452 + .332 12.474 1.454 9.482 + .226 





** Duncan, F. N. Some observations on the biology of the male Drosophilia 
melanogaster. Amer. Nat., Vol. 64, pp. 545-551, 1930. 
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Tables 19 and 20 present age specific fertility rates for fathers and 
mothers respectively, who died during specified longevity groups. The 
rates are computed on the basis of the number of mated days in the 
particular period of life. 

These tables show that for each age at death of either the fathers 
or the mothers, the fertility diminished as the parents approached the 
end of life. In nearly every case the amount of change was statis- 
tically significant, the exceptions being the difference between the fer- 
tilities in the periods 0-9 and 10-21 days for fathers who died between 
o and 19 days, and the difference between the fertilities of 15.111 + 
2.716 and 13.421 + .632 for mothers who died at 35 days and over. 
The possibilities exist that the decrease results from a decline in the 
fecundity of the male or female, from a decline in the percentage of 
emergence, or both. Certainly the first factor plays an important part. 
Alpatov '* has shown that a negative correlation exists between dura- 
tion of life and the number of eggs produced per day during the entire 
productive period. Apparently his short-lived flies had died before 
any considerable reduction in fecundity had occurred. Alpatov’s method 
of presenting his material does not show that during corresponding 
age periods the short-lived flies had produced a greater mean number 
of eggs per day than had the long-lived. 

For fathers there is no apparent regular association between fer- 
tility and age at death so far as is indicated by the figures in Table 19. 
For no particular period of life, nor for the total life, are the devia- 
tions in fertility between the longevity groups of statistical significance. 
Table 20 indicates that there is quite probably a positive association 
between the mean number of offspring per day and the length of life 
of mothers. In each age period and for the total life there is an in- 
crease in fertility with advancing longevity. The shortest-lived mothers 
produced a significantly lower number of offspring per mated day 
than did mothers who died between 20 and 34 or at 35 and over days. 
This is true equally for the periods 0-9 and 10-21. The differences 
in the fertilities of the two older age groups are not significant, however. 

It should be mentioned here that the figures of both tables in- 
cluded mated days during which no offspring were produced. That 
is, the matings may have become sterile some time previous to the 


age at death of one of the parents, but the number of mated days 


* Alpatov, W. W. Egg production in Drosophilia melanogaster and some 
factors which influence it. Jour. Exper. Zool., Vol. 63, pp. 85-111, 1932. 
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upon which the figures are based accumulated until that death. Hence 
the fertilities, particularly in the longevity group 35 and over, are 
considerably lower than they would be had the data been computed 
only up to the time of cessation of productivity. 

The increase in mean fertility for the total life period with ad- 
vancing age at death of the mother does not agree with the negative 
correlation that Alpatov reported between longevity of the mother and 
the mean number of eggs produced per day over the entire reproduc- 
tive period. This discrepancy between fecundity and fertility results 
may indicate that the percentage of emergence is greater among the 
more longevous parents, thus accounting for the higher fertility of the 
long-lived mothers in the present study. 


SUMMARY 


Data extracted from Family History Records show that a positive 
association exists between the mean male sex ratio of children and 
the longevity of their parents. This relationship is more pronounced 
for the duration of life of the mothers than for the duration of life 
of the fathers. The mean male sex ratios of the second generation 
of progeny are also higher when the grandparents died at advanced 
ages than when they were short-lived. Since the duration of life is 
an index of biological fitness in the sense of vigor or vitality, it is 
suggested that, on the average, the most vigorous part of the popula- 
tion produces the highest proportion of male offspring. 

There is no indication in the present study that the sex ratio of 
offspring has any association, positive or negative, with the fertility of 
the parents. 

It is quite probable that when either one or both parents were 
long-lived they had produced a greater mean number of children and 
grandchildren than when both were shorter-lived, but beyond the age 
of productivity. This indicates that individuals that possess the greatest 
amount of innate constitutional vigor are, by and large, the most 
highly fertile of the population. 

Experiments on Drosophila melanogaster strongly indicate that 
the offspring of parents that died at older ages have a higher average 
male sex ratio than the offspring of parents that died at younger ages. 
The association is particularly true with respect to the maternal 
organism. 
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Although the masculinity of the progeny is consistently higher 
among parent flies that had produced ten or more offspring per mated 
day than among parents that had produced less than ten, the differences 
may have been due to chance fluctuations in the particular sample 
considered. 

There is a marked decline in the mean number of offspring per 
mated day with increasing age of the parents. The data fail to show 
any regular association between fertility and duration of life of fathers, 
but for mothers an increase in longevity was accompanied by an in- 
crease in fertility, both for production over the entire life period, and 
also during particular portions of the life span. 
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NOTES 


PARENTAL AGE AND PRENATAL MORTALITY 





<=] N Human Biology, Vol. 9, No. 3 (September), 1939, J. 
Yerushalmy has published the results of his study on “Age 
=) of father and survival of offspring”. 


I? have conducted a similar study on data concerning some 
large Italian families (with seven children and over). The results I 
obtained for stillbirth rates and pre-natal mortality in the whole series 
(abortions and stillbirths) are substantially in accordance with 
Yerushalmy’s results. As a matter of fact, I have found an analogous 
influence of age of both parents: the rates decrease and then increase 
when the age of parents increases. The only difference is that the 
lowest rate I have found is for the age 30-34 of parents instead of 25-29 
as is the case for Yerushalmy’s data. 


Furthermore, the results obtained by Yerushalmy show, for the late 
fetal and neo-natal mortality, a very high value corresponding to the age 
of father 20-24. This value, which is abnormal in the trend of the rates, 
is not spoken of by the author. Such an irregularity in the trend was 
remarked some years ago by Gini*, who related it with the higher male 
mortality for the same age group. 





We can then conclude that Yerushalmy’s results are in accordance 
with analogous investigations by Italian scholars. 


Nora FEDERICI 


Facolta di Scienze Statistiche, Demografiche ed Attuarsah 
R. Universita degli Studi di Roma 


*N. Federici. Mortalita, mortalita infantile e mortalita antenatale nelle famiglie 
numerose italiane. Genus, Vol. 3, Nos. 1-2, Roma, 1938. 

*C. Gini. Sul rialzo della mortalita maschile dai 20-25 anni e sulla minore 
resistenza vitale dei nati da padri di tali eta. Genesis, Nos. 2-4, Roma, 1932. 
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ERRATUM 


SSS the result of an unfortunate printer’s error that escaped 
f detection in the proof, the cuts of Fig. 1 and 2 in the paper 
lj The Standard Error of the Slope Constant of a Straight 


page 278 should be altered to read as follows: “Fig. 2. Graph of 

second sampling experiment”. The legend of the figure on page 279 

should be altered to read: “Fig. 1. Graph of first sampling error.” 
No alteration is required in the text, which is correct as it stands. 


Josern F. Kisx 
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Bremner, M. D. K. The Story of Dentistry. From the Dawn of Civilization 
to the Present. Brooklyn, N. Y. (Dental Items of Interest Publishing Co.) ; 
London (Henry Kimpton’s Medical House), 1939. Pp. xix + 211. 9% X 
6% inches. $3.75. 

Emmart, Emity Watcorr [Introduction, Translation and Annotations by.] 
The Badianus Manuscript. (Codex Barberini, Latin 241) Vatican Library. 
An Aztec Herbal of 1552. With a Foreword by Henry E. Sigerist. Balti- 
more (The Johns Hopkins Press); London (Oxford University Press), 
1940. Pp. xxiv + 341. 12 X 9% inches. $7.50. [Bibliography of 2% pages.] 

Eve, A. S. Rutherford: Being the Life and Letters of the Rt. Hon. Lord 
Rutherford, O.M. Foreword by Earl Baldwin of Bewdley. New York 
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(The Macmillan Co.) ; Cambridge (The University Press), 1939. Pp. xvi + 
451 + 18 plates. 934 X 6% inches. $5.00. 

Fospick, Raymonp B. The Rockefeller Foundation. A Review for 1939. New 
York, 1940. Pp. 72. 

GeneERAL Epucation Boarp. Annual Report 1939. 49 West goth Street, New 
York, 1940. Pp. [8] + 171. 8% X 5% inches. 

Litt, Frank R. To Dr. C. E. McClung on reaching the age of seventy. 
Journal of Morphology, Vol. 66, pp. 5-9, 1940. 

Loyo, Gutgerto. Evolucion de la Definicion de Estadistica. Instituto Panameri- 
cano de Geografia e Historia. Publicacion Num. 44. Tacubaya, D. F., 
Mexico, 1939. Pp. 77. 

Mayer, EpMunp. Heinrich Poll (1877-1939). Bio-Morphosis, Vol. 1, pp. 586- 
600, 1939. [List of Publications of Heinrich Poll of 2% pages.] 

MiLsANK MeEmorIAL Funp. Thirty-Five Years in Review, 1905-1940. New 
York, 1940. Pp. 75. 

Mriiter, HucH. History and Science. A Study of the Relation of Historical 
and Theoretical Knowledge. Berkeley (University of California Press), 
1939. Pp. x + 201. 8% X 5% inches. $2.00. 

Morcan, T. H. Edmund Beecher Wilson, 1856-1939. Obituary Notices of the 
Royal Society, Vol. 3, No. 8, pp. 123-138, 1940. [Portrait.] 

NaKasHIAN, A. A Man Who Found a Country. New York (Thomas Y. Crowell 
Co.), 1940. Pp. viii + 279. 8% X 5% inches. $2.75. 

NATIONAL FOUNDATION FOR INFANTILE Paratysis. Annual Report 1939. New 
York, December 15, 1939. Pp. 40. 

Oscoop, THomas H. Physics in 1939. Journal of Applied Physics, Vol. 11, 
pp. 1-17, 1940. [Bibliography of 45 titles.] 

Rav, Pum. Scientific articles by Phil Rau, 1910 to 1940. Compiled April 1, 
1940. Pp. [7.] 

Seaver, Georce. Scott of the Antarctic. A Study in Character. London (John 
Murray), 1940. Pp. vii + 187 + 14 plates. 84% XX 5% inches. Ios. 6d. net. 

Serpert, Henri. The progress of ideas regarding the causation and control of 
infant mortality. Bulletin of the History of Medicine, Vol. 8, pp. 546-598, 
1940. [Bibliography of 11 pages.] 

SuHaprro, H. L. Thomas Wingate Todd. American Anthropologist, Vol. 41, pp. 
458-464, 1939. [Bibliography of Dr. Todd’s writings of 3% pages.] 

Sternserc, S. H. Historical Tables. With a Foreword by G. P. Gooch. New 
York and London (The Macmillan Co.), 1939. Pp. x + 256. 9% X 7% 
inches. $3.50. 

Taytor, F. SHerwoop. Science Front 1939. London, Toronto, Melbourne and 
Sydney (Cassell and Co.); New York (The Macmillan Co.), 1939. Pp. 
301 + 8 plates. 7% X 5 inches. 7s. 6d. net in England; $2.50 in America. 

WeEyrortH, Wiu11am O. Remarks at the presentation of the portraits of the 
late Professor George E. Barnett and Professor Jacob H. Hollander. Com- 
memoration Day Exercises [Johns Hopkins University], February 22, 1940. 
Pp. (of reprint) [4.] 

Wueeter, L. Richmonp. Vitalism: Its History and Validity. London (H. F. 
and G. Witherby), 1939. Pp. xii + 275. 8% X 5% inches. I5s. net. 
[Bibliography of 5% pages.] 
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Yust, Water [Prepared under the Editorial Direction of.] 1940 Britannica 
Book of the Year. A Record of the March of Events of 1939. Chicago, 
London and Toronto (Encyclopaedia Britannica, Inc.), 1940. Pp. xx + 
748. 10% X 8% inches. $10.00. 


5. Sociology, Law, Politics and Religion 


CARNEGIE ENDOWMENT FOR INTERNATIONAL Peace. Neutrality Act of 1939. 
International Conciliation, No. 358, pp. 115-128, 1940. 

CaRNEGIE ENDOWMENT FOR INTERNATIONAL Peace. Text of the Bill of Rights. 
International Conciliation, No. 360, pp. 202-203, 1940. 

DeAk, Francis. The United States Neutrality Acts: Theory and Practice. 
International Conciliation, No. 358, pp. 73-114, 1940. 

Hoover, J. Epcar. America’s duty to the future. Address delivered before the 
New York Federation of Women’s Clubs, Hotel Astor, New York City, 
May 3, 1940. Pp. (of reprint) 6. 

Hoover, J. Encar. The test of citizenship. Address delivered before the 49th 
Continental Congress of the Daughters of the American Revolution, Wash- 
ington, D. C., April 18, 1940. Pp. (of reprint) 7. 

Hoover, Hersert. Our Most Important Domestic Issue. Address under the 
Auspices of the Nebraska State Republican Committee and the Nebraska 
Women’s Republican Clubs, Omaha, Nebraska, February 12, 1940. New 
York (Constitutional Publications), 1940. Pp. 12. 9 X 4 inches. 

Marett, R. R. Charity and the Struggle for Existence. The Huxley Memorial 
Lecture for 1939. Journal of the Royal Anthropological Institute, Vol. LXIX, 
Part II. London (Royal Anthropological Institute), 1939. Pp. 13. 11 X 
8% inches. (Paper). [Bibliography of 4 titles.] 

Murpuy, Frank. In defense of democracy. International Conciliation, No. 
360, pp. 185-201, 1940. 

NorMAN, E. Herpert. Japan’s Emergence as a Modern State. Political and 
Economic Problems of the Meiji Period. J.P.R. Inquiry Series. New York 
(Institute of Pacific Relations), 1940. Pp. xvi + 254. 9 X 6 inches. $2.00. 
[Bibliography of 12 titles.] 

Quictey, Harotp S. Free China. International Conciliation, No. 359, pp. 133- 
180, 1940. 

Roa, Jorce. Los Estados Unidos y Europa en Hispano America. Interpretacion 
Politica y Economica de la Doctrina Monroe, 1823-1933. Havana, Cuba, 
1935. Pp. xi + [19] + 411. 7% X 5% inches. [Bibliography of 35 pages.] 

Roa, Jorce. Biologia Social. Investigacions comparadas de Estadistica Social. 
Havana, Cuba, 1939. Pp. 300. 8% X 5% inches. [Bibliography of 5 pages.] 

Roa, Jorce. Positive and Negative Factors in Inter-American Relations. Havana, 
Cuba, 1940. Pp. 74. 7% X 5% inches. 

Tuompson, CHarLes B. The effects of incarceration on the adult criminal as 
observed in a Psychiatric Court Clinic. Mental Hygiene, Vol. 24, pp. 50-58, 
1940. [Bibliographic footnotes. ] 








446 HUMAN BIOLOGY 


6. Economics 


Banco CENTRAL pE LA Repusiica ArGcentTINA. Annual Report. Fifth Financial 
Period 1939. Buenos Aires, 1940. Pp. 61. 9% X 6% inches. 

Barnarp, Cuester I. Comments on the job of the executive. Harvard Business 
Review, Spring, 1940, pp. 295-308. 

Braprorp, Freperick A. The Legal Status of Branch Banking in the United 
States. New York (American Economists Council for the Study of Branch 
Banking), 1940. Pp. 32. 9% X 6% inches. 

Bureau or THE Census. Employment and unemployment in South Bend. Re- 
sults of the special census of St. Joseph and Marshall Counties, Indiana: 
1939. Washington, D. C., March 21, 1940. Pp. 16. 

BureAU OF THE Census. Financial Statistics of States: 1938. Iowa. Vol. 1, 
No. 1. Washington, D. C., May 24, 1940, pp. 5. 

BurEAvU OF THE CEeNsus. City government employees and pay rolls, January 
1940 (cities of over 10,000 population). State and Local Government Quar- 
terly Employment Survey, Vol. 1, No. 3, Washington, D. C., March 29, 1940. 
Pp. 26. 

BurEAU OF THE CEeNSUs. City government employees and pay rolls, January 
1940 (cities of over 10,000 population) (supplement). State and Local 
Government Quarterly Employment Survey, Vol. 1, No. 3—Supplement, 
Washington, D. C., May 25, 1940. Pp. 2. 

BurEAU OF THE CENSUS. County government employees and pay rolls, January 
1940. (Counties having populations under 50,000). State and Local Govern- 
ment Quarterly Employment Survey, Vol. 1, No. 6, Washington, D. C., May 
13, 1940. Pp. 22. 

Bureau or THE Census. Employees and pay rolls of small cities, towns, and 
villages, January 1940. State and Local Government Quarterly Employment 
Survey, Vol. 1, No. 7, Washington, D. C., May 15, 1940. Pp. 28. 

BurEAU OF THE CENSUS. Employees and pay rolls of township governments, 
January 1940. State and Local Government Quarterly Employment Survey, 
Vol. 1, No. 8, Washington, D. C., May 17, 1940. Pp. 14. 

Dickinson, Frank G., and Franzy Eakin. The Illinois Segment of the Na- 
tion’s Economy for 1935: A Bookkeeping Picture. University of Illinois. 
Bureau of Business Research. Bulletin Series No. 60. Urbana (University 
of Illinois), 1940. Pp. 132. 9 X 6 inches. 

Innis, Harotp A. The Cod Fisheries. The History of an International Economy. 
New Haven (Yale University Press); Toronto (The Ryerson Press) ; 
London (Oxford University Press), 1940. Pp. xviii + 520. 9% X 6% 
inches. $3.50. [Bibliographic footnotes throughout.] 

MorceNTHAU, Henry, Jr. Gold, and the money of the United States. Address 
delivered May 3, 1940, Washington, D. C., Pp. (of reprint) 10. 

New Yorx State Tax Commission. Rates of assessment of real property for 
the several cities, towns and villages of the state as finally fixed and de- 
termined by the State Tax Commission for the year 1940. New York State 
Tax Bulletin, Vol. 25, No. 3. Albany, N. Y., May, 1940. Pp. 17. 9 X 5% 
inches. 
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PrernreicH, Gasrie, A. D. The Present Status of Renewal Theory. Baltimore 
(Waverly Press), 1940. Pp. 27. [Bibliography of 17 titles.] 

Stoan, ALFrep P., Jk. Wages and technological progress. General Motors Cor- 
oration, New York, March 11, 1940. Pp. (of reprint) [8]. 


7. Education 


AMERICAN FEDERATION OF Lasor. Labor and Education. A brief outline of the 
resolutions and pronouncements of the American Federation of Labor in 
support of the general principles and practices of education from 1881-1938. 
New York (American Federation of Labor), 1939. Pp. 77. 9% X 6% inches. 

AMERICAN FeperRATION oF Lasor. Labor and Education in 1939. Reports of 
the Executive Council and the Annual Convention of the American Feder- 
ation of Labor on Education in 1939, together with three Convention Ad- 
dresses. New York, 1940. Pp. 42. 9 X 6 inches. 

Boucner, Cuauncey S. [Revised and Enlarged by A. J. Brumpavucnu.] The 
Chicago College Plan. Chicago (University of Chicago Press), 1940. Pp. 
xiii + 413. 8 X 5% inches. $3.00. 

Councit on Mepicat Epucation anv Hospitats of the American Medical As- 
sociation. Graduate Medical Education in the United States. I. Continuation 
Study for Practicing Physicians 1937 to 1940. Chicago (American Medical 
Association), 1940. Pp. 243. 8% X 5% inches (paper). 

InstrruTe For ApvANceD Stupy. Bulletin No. 9. Princeton, N. J. (Institute 
for Advanced Study), 1940. Pp. xiii + 25. 

Snaprro, H. L. Anthropology in the modern world. The Teaching Biologist, 
Vol. 9, pp. 21-24; 45, 1939. 

Swirt, FretcHer H. European Policies of National Aid for Education. The 
Sixth Annual Lecture on the John Adams Foundation at the University of 
California at Los Angeles, Delivered December 7, 1938. Berkeley (Uni- 
versity of California Press), 1940. Pp. 18. 9% X 6% inches. [Bibliographic 
footnotes. ] 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Boas, Franz. Race, Language and Culture. New York (The Macmillan Co.), 
1940. Pp. xx + 647. 9% X 6% inches. $5.00. [Bibliographic footnotes.] 

Cotton, Harotp S. Exhibitions of Indian arts and crafts. Plateau: (Museum 
of Northern Arisona, Flagstaff), Vol. 12, pp. 60-65, 1940. 

Frazer, Sir James G. The Native Races of America. Anthologia Anthropo- 
logica. A Copious Selection of Passages for the Study of Social Anthro- 
pology from the Manuscript Notebooks of Sir James George Frazer. Ar- 
ranged and Edited by Robert A. Downie. London (Percy Lund Humphries 
and Co.), 1939. Pp. ix + 351. 11 X 8% inches. 35s. net. 

v. Ercxstept, E. Frermerr. Forschungen in Siid- und Ostasien. IV. Die An- 
namiten und der Untergang von Tchampa. Zeitschrift fiir Rassenkunde, 
Bd. 11, pp. 21-79, 1940. 

Gu, Ricnarpv C. White Water and Black Magic. New York (Henry Holt 
and Co.), 1940. Pp. xiv + 369. 8% X 5% inches. $3.00. 
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Hepin, Sven. The Wandering Lake. Translated from the Swedish by F. H. 
Lyon. New York (E. P. Dutton and Co.), 1940. Pp. x + 201 + 31 plates, 
o% X 6% inches. $3.75. 

Horanp, Hyatmar R. Westward from Vinland. An Account of Norse Dis- 
coveries and Explorations in America, 982-1362. New York (Duell, Sloan and 
Pearce), 1940. Pp. x + 354 + 31 plates. 8% XX 5% inches. $3.00. [Bibli- 
ographic footnotes.] 

Krogser, A. L. Cultural and Natural Areas of Native North America. University 
of California Publications in American Archaeology and Ethnology. Vol. 
38. Pp. xii + 242 + 9 folding maps + 1 folding table. 10% XX 6% inches. 
$3.50 (cloth) ; $3.00 (paper). [Bibliographic footnotes.] 

Lowre, Rosert H. An Introduction to Cultural Anthropology. A New and 
Enlarged Edition. New York (Farrar and Rinehart), 1940. Pp. xx + 584 
+ 16 plates. 8% X 4% inches. $3.50. [Bibliography of 15% pages.] 

Marwick, Brian A. The Swazi. An Ethnographic Account of the Natives 
of the Swaziland Protectorate. New York (The Macmillan Co.); Cam- 
bridge (The University Press), 1940. Pp. xvii + 320 + 8 plates + 1 
folding map. 8% X 5% inches. $4.25. 

PLowvENn, Joan M. C. Once in Sinai. The Record of a Solitary Venture. With 
a Foreword by Major C. S. Jarvis. London (Methuen and Co.), 1940. Pp. 
xv + 302 + 8 plates + 1 folding map. tas. 6d. net. 

Raven-Hart, Mayor R. Canoe to Mandalay. London (Frederick Muller), 
1939. Pp. [4] + 245 + 16 plates. 8% X 5% inches. 10s. 6d. net. 

Rypw, Hanna. Argentine to Andes. Translated from the Swedish by Mary 
Sandbach. London and Glasgow (Blackie and Son), 1940. Pp. xi + 171 + 
47 plates. 8% XX 5% inches. Ios. 6d. net. 

Speck, Frank G. Penobscot Man. The Life History of a Forest Tribe in 
Maine. Philadelphia (University of Pennsylvania Press); London (Oxford 
University Press), 1940. Pp. xx + 325. 9% X 6% inches. $4.00. [Bibli- 
ography of 5 pages.] 

Tuompson, Laurs. Fijian Frontier. Introduction by B. Malinowski. Studies 
of the Pacific No. 4. San Francisco, New York and Honolulu (American 
Council, Institute of Pacific Relations), 1940. Pp. xxiii + 153 + 7 plates. 
9 X 6 inches. $2.00. [Bibliographic footnotes.] 

Wisster, CLarK. Indians of the United States. Four Centuries of Their His- 
tory and Culture. New York (Doubleday, Doran and Co.), 1940. Pp. xvi 
+ 319 + 18 plates. 9% X 6% inches. $3.75. [“Suggested reading” of 10 
titles. ] 


IV. SOMATOLOGY AND CONSTITUTION 


1. Anatomy 


Canetta, Mario F. L’Anatomia Comparata nel Quadro della Biologia Moderna. 
Bologna (Nicola Zanichelli Editore), 1937. Pp. xiii + 57. 9 X 5% inches. 
L. 10 (paper). [Bibliographic footnotes. ] 

Coss, W. Montacue. The cranio-facial union in man. American Journal of 
Physical Anthropology, Vol. 26, pp. 87-111, 1940. [Bibliography of 4 titles.] 
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GLADSTONE, RecInaLp J., and Cecir P. G. Waxetey. The Pineal Organ. The 
Comparative Anatomy of the Median and Lateral Eyes, with special refer- 
ence to the Origin of the Pineal Body; and a description of the Human 
Pineal Organ considered from the Clinical and Surgical Standpoints. Bal- 
timore (Williams and Wilkins Co.), 1940. Pp. xvi + 528. 9% X 6% 
inches. $10.00. [Bibliography of 9% pages.] 

Jorpan, Harvey E. A Textbook of Histology. Eighth Edition. New York 
and London (D. Appleton-Century Co.), 1940. Pp. ix + 600. 9% X 6% 
inches. $7.00. [Bibliography of 10 pages.] 

Luyet, Baste J. The case against the cell theory. Science, Vol. 91, pp. 252- 
255, 1940. [7 bibliographic footnotes.] 

Turner, CHARLES W. The Comparative Anatomy of the Mammary Glands. 
With special reference to the udder of cattle. Columbia, Missouri (Uni- 
versity Cooperative Store), 1939. Pp. [6] + 377 + 54 plates. 11 X 8 
inches. $3.50 (paper). [Bibliography at the end of each chapter.] 

Weeper, S. Dana [Revised and Edited by.] Bundy’s Anatomy and Physiology. 
Seventh Edition. Philadelphia (The Blakiston Co.), 1940. Pp. ix + 490. 
9 X 6 inches. $2.75. 


2. Physical Anthropology and Anthropometry 


Gotpstetn, Marcus S. Recent trends in physical anthropology. American 
Journal of Physical Anthropology, Vol. 26, pp. 191-209, 1940. [Bibliography 
of 16 titles.] 

Hrouicxa, Aves. Catalogue of human crania in the United States National 
Museum collections. Indians of the Gulf states. No. 3067 from the Pro- 
ceedings of the United States National Museum, Vol. 87, pp. 315-464, 1940. 

Le Ricue, Harpinc. Physique and Nutrition. A Study of European School 
Children in Pretoria, Union of South Africa. South African Council for 
Educational and Social Reséarch Series No. 13. Pretoria (South African 
Council for Educational and Social Research), 1940. Pp. vi + 158. 8% X 
5% inches. (Copies obtainable from J. L. Schaik, Pretoria). [Bibliography 
of 9 titles.] 

LunpMAN, Berti J. Uber die K6rperhGdhensteigerung in den nordischen Landern 
nach dem Weltkriege. Zeitschrift fiir Rassenkunde, Bd. 11, pp. 1-5, 1940. 
[Bibliographic footnotes. ] 

Peart, RaymMonp. An index of body build. American Journal of Physical 
Anthropology, Vol. 26, pp. 315-348, 1940. [Bibliography of 47 titles.] 

Se.tzer, Cart C. Contributions to the Racial Anthropology of the Near East. 
Based on data collected by Henry M. Huxley. With a Foreword by Henry 
M. Huxley. Papers of the Peabody Museum of American Archaeology and 
Ethnology, Harvard University, Vol. XVI, No. 2. Cambridge (Peabody 
Museum of Archaeology and Ethnology), 1940. Pp. x + 62 + 8 plates. 
0% X 6% inches. $1.00 (paper). [Bibliography of 11 titles.] 

Suaprro, H. L. The physical relationships of the Easter Islanders. Reprinted 
from Ethnology of Easter Island, by Alfred Métraux: Bernice P. Bishop 
Museum, Bulletin 160, pp. 24-30, 1940. 
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SteccerpA, Morris. Physical measurements on Negro, Navajo, and white girls 
of college age. American Journal of Physicel Anthropology, Vol. 26, pp. 
417-431, 1940. [Bibliography of 17 titles.] 


3. Constitution 


Se.tzer, Cart C. Body build and oxygen metabolism at rest and during exer- 
cise. American Journal of Physiology, Vol. 129, pp. 1-13, 1940. [Bibliography 
of 7 titles.] 

SHeEitpon, W. H., with the collaboration of S. S. Stevens, and W. B. Tucker. 
The Varieties of Human Physique. An Introduction to Constitituonal Psy- 
chology. New York and London (Harper and Bros.), 1940. Pp. xii + 
347 + 45 plates. 9% X 6% inches. $4.50. [Bibliography of 19 pages.] 

Sxerty, B. Was ist ein Konstitutionsindex? Zeitschrift fiir Rassenkunde, Bd. 
II, pp. 16-21, 1940. [Bibliography of 5 titles.] 


V. PHYSIOLOGY AND BIOCHEMISTRY 
1. Physiology 


ASSOCIATION FOR THE Stupy oF INTERNAL SeEcRETIONS. Carbohydrate Meta- 
bolism. Four papers presented in a Symposium held at the meeting of the 
American Physiological Society at Toronto, Canada, April 29, 1939. En- 
docrinology, Vol. 26, pp. 285-351. Boston (Association for the Study of 
Internal Secretions), 1940. 10% X 6% inches. $1.00 (paper). [Bibliography 
at the end of each paper.] 

Bauer, J., and Berra AscHNER. Beziehungen zwischen Endokrinologie und 
Neurologie. Confinia Neurologica, Vol. 1, pp. 273-343, 1938. [Bibliography 
of 1% pages.] 

Baver, Jutrus, Witt1am G. FisHer, and Greorce GuTMAN. Studies on anti- 
thyroid principles. Endocrinology, Vol. 25, pp. 721-723, 1939. [Bibliography 
of 3 titles.] 

Bauer, Jutrus, and Georce GutTMAN. The effect of diathermy on testicular 
function. Urologic and Cutaneous Review, Vol. 40, pp. 1-2, 1940. [Bibli- 
ography of 9 titles.] 

Boong, Bert R., and Antonio Crocco. Cardiometric studies on children. II. 
The duration of the component parts of the cardiac sound cycle. Milbank 
Memorial Fund Quarterly, Vol. 18, pp. 137-155, 1940. [Bibliography of 16 
titles.] 

Brooks, CHANDLER McC. Relation of the hypothalamus to gonadotropic func- 
tions of the hypophysis. Research Publications of the Association for Re- 
search in Nervous and Mental Disease, Vol. 20, pp. 525-550, 1940. [Bibli- 
ography of 128 titles.] 

Buxton, C. L., and U. Westpnar. Recovery of pregnandiol in urine of men 
treated with progesterone. Proceedings of the Society for Experimental 
Biology and Medicine, Vol. 41, pp. 284-287, 1939. [Bibliographic footnotes.] 

Curry, Ropert. The Mechanism of the Human Voice. Foreword by Douglas 
Guthrie. New York and Toronto (Longmans, Green and Co.), 1940. Pp. 
ix + 205. 8 X 5% inches. $3.00. [Bibliography of 400 titles.] 
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Day, F. T. The oestrous cycle of the mare following removal of the foetus 
at various stages of pregnancy. Journal of Agricultural Science, Vol. 29, 
Part 3, pp. 470-475, 1939. [Bibliography of 3 titles.] 

Day, F. T. Ovulation and the descent of the ovum in the fallopian tube of 
the mare after treatment with gonadotrophic hormones. Journal of Agri- 
cultural Science, Vol. 29, pp. 459-469, 1939. [Bibliography of 5 titles.] 

Denny-Brown, D. [Compiled and Edited by.] Selected Writings of Sir 
Charles Sherrington. A Testimonial Presented by the Neurologists Forming 
the Guarantors of the Journal Brain. New York (Paul B. Hoeber, Medical 
Book Dept. of Harper and Bros.), 1940. Pp. xiv + 532. 9% X 7% inches. 
$7.50. [Bibliography of Sir Charles Sherrington of 13 pages.] 

Encie, Eart T. Current views on the causation of menstruation. American 
Journal of Obstetrics and Gynecology, Vol. 38, pp. 600-608, 1939. [Bibli- 
ography of 16 titles.] 

Encie, Ear: T. Mammalian reproductive organs. Annual Review of Physiology, 
Vol. 2, pp. 347-358, 1940. [Bibliography of 1% pages.] 

Harvey, E. Newton. Living Light. Princeton (Princeton University Press), 
1940. Pp. xv + 328. 9 X 6 inches. $4.00. [Bibliography of 30 pages.] 

Luck, JAMes M., and Victor E. Hatt [Editors.] Annual Review of Physiology. 
Vol. II. Stanford University P. O., Calif. (Annual Reviews, Inc.), 1940. 
Pp. vii + 501. 8% X 6 inches $5.00. [Bibliography at the end of each 
chapter. ] 

Luyet, Bastte, and Grécorre THoennes. La reviviscence de fibres musculaires 
vitrifiées dans l’air liquide. Comptes rendus des séances de l’ Academie des 
Sciences, T. 207, p. 1256, 1938. [2 bibliographic footnotes.] 

MarsHaLlt, F. H. A., E. B. Verney, and Martue Vocr. The occurrence of 
ovulation in the rabbit as a result of stimulation of the central nervous 
system by drugs. Journal of Physiology, Vol. 97, pp. 128-132, 1939. [Bibli- 
ography of 3 titles.] 

Miter, Wiiii1aM C., and Frepertc T. Day. The diagnosis of equine pregnancy. 
Journal of the Royal Army Veterinary Corps, 1939. Pp. (of reprint) 13 
+ 3 plates. [Bibliography of 1 title.] 

Parker, G. H. Novel types of nervous reflexes. Proceedings of the National 
Academy of Sciences, Vol. 26, pp. 246-249, 1940. [Bibliography of 7 titles.] 

Rety, Joserpu. Transition Years. The Modern Approach to ‘the Change’ in 
Womanhood. New York (Greenberg, Publisher), 1940. Pp. 168. 8 XK 5% 
inches. $1.75. 

SEVERINGHAUS, AURA E., and KennetH W. TuHompson. Production of anti- 
hormones by prolonged administration of pituitary extract. Effect on an- 
terior hypophysis. Proceedings of the Society for Experimental Biology 
and Medicine, Vol. 40, pp. 627-629, 1939. [2 bibliographic footnotes.] 

Westpwat, U., and C. L. Buxton. Failure to recover pregnandiol glucuronidate 
in monkeys, rabbits and cats. Proceedings of the Society for Experimental 
Biology and Medicine, Vol. 42, pp. 749-750, 1939. [2 bibliographic footnotes.] 

Wirtscu1, Emm, and Garpner M. Rirey. Quantitative studies on the hormones 
of human pituitaries. Endocrinology, Vol. 26, pp. 565-576, 1940. [Bibli- 
ography of 13 titles.] 
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Grppons, Cuartes C., and James P. Porter. Longevity relationships between 
the mentally abnormal and their parents. Journal of Applied Psychology, 
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RAYMOND PEARL 


FOUNDER AND EDITOR 
of 
HUMAN BIOLOGY 


=|HE death of Raymond Pearl occurred suddenly on November 
# 17th. The world of science has lost a great leader, a fruit- 
ful scholar with wide experience and rare originality and a 
} colleague always helpful and stimulating. 





Dr. Pearl was born in New Hampshire in 1879 and came of an old 
New England family. He studied at Michigan, Leipzig and London 
and worked in his earlier years at the Zoological Station at Naples and 
in the Agricultural Experiment Station in Maine. His association with 
the Johns Hopkins University dates back to 1918 when he was appointed 
Professor of Biometry and Vital Statistics and, later, Professor of 
Biology at both the Medical School and the School of Hygiene. His 
long list of publications covers a wide range of subjects from variation 
in crayfish and poultry diseases to population growth and the biology 
of man. The development of the latter, enormous and comparatively 
recent science, has been deeply influenced by Dr. Pearl’s basic investi- 
gations and teachings. Human Brotocy, founded by Dr. Pearl in 1929, 
represents one result of his endeavors to develop further the study of 
man’s body and mind from the view-point of modern biology and with 
the methods of biometry. 

Dr. Pearl lived a full and happy life amidst a wide circle of devoted 
friends. He could derive interest from an unusual variety of things 
and thoughts in life and highly appreciated its humorous aspects. To 
him work seemed always to be a pleasure. He wrote with ease and 
clarity in a delightful style. The outstanding quality of his research has 
been recognized by the many academic honors he received and by the 
number of learned societies here and abroad to which he was elected. 

Though we have lost and mourn Dr. Pearl, the man, his work and 
influence will live and continue to bear fruit. 


ApoteH H. ScHULTz 








HUMAN BIOLOGY 


JHE editorial policy of this journal for 1941 will be con- 
tinued as heretofore and contributors are invited to send 
} manuscripts and communications regarding editorial matters 
=) to the Managing Editor, Mrs. Maud DeWitt Pearl, Human 
Biology, 1901 East Madison Street, Baltimore, Maryland, U. S. A. 
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